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CHAPTER I 
Tanzania and malaria, 
an introduction to the study 
1. The subject of investigation. 
During the past decade rapid progress has been made with the develop-
ment of serological techniques for the study of malaria. In particular 
much experience has been gained with the fluorescent antibody technique 
in this field. However,none of the various techniques so far developed 
has shown much promise for the assessment of protective immunity. 
Various studies, generally based on the fluorescent antibody technique, 
indicate that such serological techniques might be usefully employed as 
epidemiological parameters. 
The information presented on the following pages concerns malaria 
endemicity in contrasting areas of Tanzania. Such classical parameters 
as spleen and parasite indices are presented together with indices deri-
ved from titrations of sera for circulating antibodies against malaria, by 
the indirect fluorescent antibody (I.F. A.) technique. These data were ob-
tained during a series of surveys carried out between 1967 and 1970, by 
a team of investigators from the East African Institute of Malaria and 
Vectorborne Diseases, in Amani, Tanzania and the Institute of Medical 
Microbiology of Nijmegen in the Netherlands. The survey data is being 
used to evaluate serological indices as parameters of differences in ma-
laria endemicity and as parameters of progress in malaria control and 
eradication programmes. 
Similar data is being used for longitudinal follow-up studies of Tanza-
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nian schoolchildren, living in one of the highly malarious areas included 
in the epidemiological surveys. 
2. The country, its people and their community in a historical perspective 
(University Press , 1968). 
The United Republic of Tanzania is the largest country of East Africa, 
being four times the size of the United Kingdom. It lies just south of the 
Equator and comprises the mainland of Tanganyika and the off-shore 
islands of Zanzibar and Pemba. In the North, it has common borders 
with Kenya and Uganda, in the West with Ruanda, Burundi and Congo, and 
it shares its southern borders with Zambia, Malawi and Mozambique. In 
the East, the country is bounded by the Indian Ocean. Topographycally 
and climatologically, the country can be divided into four distinct re -
gions. A hot and humid coastal strip, which gently rises towards the in-
terior,' but nowhere exceeds a height of 200 metres. The temperatures 
vary from 270C to 350C and the annual rainfall is from 1000 to 1600 mm. 
Beyond the coast a central plateau covers most of the country. This 
plateau is hot and dry and has an average elevation of 1000 to 1300 
metres. The yearly rainfall ranges from 500 to 800 mm. From this 
plateau some highland areas rise to 2000 metres. They are cool and 
fertile and experience a yearly rainfall between 1000 and 2000 mm. 
The off-shore islands, lying about 40 kilometres off the mainland, are 
hot and humid. Their annual rainfall figures vary between 1400 and 
2000 mm. Tanzania's most remarkable topographical features are Af-
rica's highest mountain, Kilimanjaro, with its ice-capped summit at 
6440 metres, and part of Earth's deepest fissure, the Rift Valley, wich 
helped to form the country's chain of great lakes. 
The rainfall in Tanzania occurs for most of the territory in two seasons. 
In northern Tanzania and to a lesser extent in the coastal area and the 
islands, there is a main rainy season from March to May, and a lesser 
rain-season in November. In the southern half of the country this pattern 
is different, one long wet season occurs from November to April and is 
followed by a very dry season commencing in May and extending to 
October. 
In Tanzania's Serengeti plains lived some two million years ago man's 
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oldest known ancestors, Australopithecus (Zinjanthropus)boisei and Ho-
mo habilis,(Leakey and Leakey, 1964). They were discovered in the Oldu-
vai Gorge. Traces of a Neanderthal culture have also been found, and 
the rock-paintings in Dodoma Region date back as far as 100.000 to 
150.000 years. The present Bantu people are thought to have entered the 
country about 10.000 years B.C. During the tenth century A.D., Tanza-
nia entered the era of written history via the records of Arab writers. 
At that time a strong muslim society had been established on the islands 
and along the coast. The Afro-Persian Shirazi people are thought to have 
arrived around the twelfth century. By the time the Portuguese arrived 
at the end of the fifteenth century, they had developed avigourous Swahili 
culture. 
The Portuguese held the coast for the next two hundred years. With the 
establishment of Zanzibar as the capital of the Imam of Oman in 1828, 
trade from the coast into the interior increased and the slave trade 
reached its peak. The Anglo-German Agreements of 1886 and 1890 gave 
birth to the Protectorate of Zanzibar and German East Africa. The lat-
ter was the present mainland or Tanganyika proper. The Germans en-
couraged an agricultural economy, and as a result the 'Kaiserliches 
Landwirtschaftliches und Biologisches Institut' was founded at Amani. 
It was one of the earliest Scientific Research Establishments in Africa 
south of the Sahara. Today it is the home of the East African Institute 
of Malaria and Vector-borne Diseases. 
As a result of World War I, Tanganyika became a Mandate Territory of 
the League of Nations under British administration and, subsequently, a 
Trusteeship Territory under the CharteroftheUnitedNations. Increa-
sing national awareness led to the birth of the Tanganyika African Na-
tional Union (TANU), wich aimed for independence. On the ninth of 
December 1961, independence was obtained and one year later, Dr. 
Julius Kambarage Nyerere, 'Mwalimu', the founder of TANU, became 
the first president of the republic. 
The Protectorate of Zanzibar, which had come under British admini-
stration in 1890, obtained independence in December 1963, under an 
Arab dominated minority government. One month later a succesful 
revolution brought the Afro-Shirazi Party (ASP), into power. Its leader 
Sheik Abeid Amani Karume, became president of the People's Republic 
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of Zanzibar and Pemba. On April 22nd 1964, Articles of Union were 
signed by the presidents of Tanganyika and Zanzibar, and the two coun-
tries merged into the present United Republic of Tanzania. Under this 
treaty, Zanzibar retains a large measure of autonomy. 
The United Republic is a democratic one-party state, with TANU repre-
senting the people of the mainland, while the ASP represents the political 
powers on the islands. General elections revolve around ability and 
personality rather than general policy. The Arusha Declaration of 1967 
contains the country's longterm development policies, which are aimed 
at 'moving the people from a state of poverty to a state of prosperity', 
through a policy of dedicated leadership, self-reliance and hard work. 
Tanzania, together with Kenya and Uganda, signed in 1967 the Treaty 
for East African Cooperation, which provided for the establishment of 
the so called East African Community. This politicq-administrative body 
took over the administration of some existing Common Services, such as 
the collection of Income Tax on an East African base, regionally inter-
grated communication systems, and joint provisions for research and 
higher education. Of most importance is the Community's aim of foste-
ring a completely integrated economy between the partner states. 
Administratively, Tanzania knows central and local government. The 
country is divided in seventeen Regions, which are subdivided in Areas. 
Central government functions at the regional level, while local govern-
ment operates within the Areas, through municipal and town councils for 
urban areas and district councils for rural areas. 
The country's population consists for the main part of Bantu speaking 
peoples, divided into some 124 large and small tribal groupings. To-
gether with some' small groups of Africans of nilo-hamitic origin, such 
as the Masai and a sizeable community of people of Indian origin and 
some Arabs and Europeans, they form the Tanzanian nation. The natio-
nal census of 1967, gave a total population figure of 12.231.000 inhabi-
tants. This population is unevenly distributed over the country, because 
large areas are not very suitable for settlement due to poor soil and 
tsetse infestation. The vast majority of Tanzaniane are peasants, who 
grow enough food to support their families. Cash crops, however, are 
produced to a far lesser extent. Urbanization is on the increase, but 
the majority of the population still lives in rural areas. Detailed five-
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year plans for the development of the economy have been worked out. 
These plans aim to increase the per capita income from the present 
equivalent of US$55.- toUSS125.-,inl980, and to attain self-sufficien­
cy in manpower by that time. As a result of the improved standards of 
living and health, the life-expectancy is expected to rise from the pre­
sent 35-40 years to 50 years by 1980. 
Medical services based on scientific medicine became first available in 
the country in 1888, through the German administration. Two doctors 
and four medical orderlies started the fight against disease in a country 
with no medical facilities whatsoever. 
Today, some eighty years later a network of about sixty government hos­
pitals and an equal number of hospitals run by voluntary agencies covers 
the country. These centres of medical treatment again supervise some 
1360 rural dispensaries and fifty rural health centres. The rapidly 
expanding network of rural health centres, is expected to serve one 
day as a base for national disease control and eradication campaigns. 
A medical training school, offering Diplomas іл Surgery and Medicine 
registrable in Tanzania, was opened in 1963, and in 1968 a newly created 
Faculty of Medicine at the University College of Dar es Salaam (now 
University of Dar es Salaam) took over, offering a place for thirty first 
year medical students. Meanwhile, about one hundred Tanzanian doctors 
have already been trained at Makerere University College, Uganda and 
at Universities overseas. 
At present about five hundred and fifty doctors are working in Tanzania. 
In addition, there are now about 2300 qualified Nurse/Midwives, ten Nu-
tritionsists and 180 Laboratory Technicians and Medical Assistants. All 
Tanzanians and other residents are entitled to free medical treatment at 
government hospitals and dispensaries, while standard hospital accomo­
dation is also freely available. 
3. Malaria in Tanzania. 
Malaria in Tanzania is a serious health problem. Only nine per cent of 
the inhabitants live in malaria transmission free areas. For the follow­
ing review of Malaria in Tanzania, ample use has been made of Clyde's 
(1967), most detailed historical and epidemiological account on this 
subject. 
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Many able investigators have been attracted to Tanzania's malaria pro-
blems since the country's earliest days of contact with scientific medi-
cine. Amongst those investigators were men of international repute as 
Robert Koch, who advocated mass drug-treatment with quinine, a method 
of control which was unsuccessfully used in Dares Salaam and Tanga. 
Another was Donald Bagster Wilson, who made a now classical study of 
the mechanism of adaptation to highly endemic malaria by a rural afri-
can community (D.B. Wilson, 1936). Possibly his most significant contri-
bution to our knowledge of malaria in Africa was his initiative in establi-
shing the East African Malaria Institute, in order to conduct research on 
malaria on a regional basis. Within the ample premises of the earlier 
mentioned Amani Institute, Wilson's Institute developed soon into the 
East African Instituteof Malaria and Vector-borne Diseases. From this 
Institute, the Pare Taveta Malaria Scheme 1954-1959, was carried out. 
It became fundamental to our present appreciation of the complexities 
involved in eradicating malaria from its final stronghold: Africa. 
Amongst many other malariologists who were at one time or another 
connected with Wilson's Institute, are M.T. Gillies, A. Smith, and G. 
Davidson, who between them made important contributions to our present 
knowledge of Africa ' s most effective malaria - vectors and their habits. 
In nearly half of the country, the islands and the coastal area included, 
malaria transmission occurs for more than six months a year or nearly 
all the year around. Malaria in these areas is an important cause of 
infant mortality. Adults, however, have acquired a high degree of immu-
nity(Wilson, 1936). Typical indices of this extreme endemicity are para-
site rates of seventy to hundred per cent in the one to five years age-
group and of thirty to fifty per cent in adults, with a spleen rate of over 
seventy-five per cent in the two to ten years age-group and of about 
thirty per cent in adults. 
In the other half of the country transmission occurs form three to six 
months a year, and the seasonal malaria shows a more epidemic pat-
tern. During the seasons of transmission, severe clinical malaria 
occurs among children, but adults still show a high degree of protective 
immunity. 
In a few relatively scattered areas, there is little or no transmission of 
malaria, due to low high-altitude temperatures or dryness, which does 
not agree with the breeding habits of the main anopheline vectors nor 
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with the development of the parasite in the vector. If malaria occurs in 
such areas due to exceptional climatological conditions, it is equally 
present in all age-groups, and little or no decrease in spleen rate or 
parasite rate is observed with increasing age. 
For the geographical location of these areas, the reader is referred to 
the publication of Clyde (1967). 
Important anopheline vectors are members of the Anopheles gambiae 
complex. These mosquitoes breed in unshaded fresh or brackish water, 
and particulary in temporary collections of water. Their populations 
are, therefore, liable to cause an explosive build-up during and just af-
ter the rain. Anopheles funestus is another important vector; it breeds 
in larger permanent bodies of water that are weedy and shaded. Besides 
these major vector species which are common inali malarious areas, 
there are a number of minor vectors of more or less localized impor-
tance. 
All four human Plasmodium species are found in Tanzania, Plasmodium 
falciparum being predominant. It is worthwhile to note that Plasmodium 
ovale was first described in the blood from a soldier returning from the 
1914-1919 campaign in Tanganyika (Stephens, 1922). 
Since the earliest days of the countries medical services, attempts have 
been made to control malaria. Subsequent to the failure of Robert Koch's 
attempt at mass drug treatment with quinine, the administration intro-
duced measures aimed at reducing and preventing the breeding of vec-
tor-anophelines. These were first introduced in Dar es Salaam, then in 
the following decades in all larger towns, and since the end of the second 
World War also in most smaller settlements. Today, these anti-mosquito 
measures include the use of drainage systems, periodical application of 
high spreading oils with five per cent DDT to waterbodies and, on occas-
sion, anti-imagicidal measures by spraying the walls of houses with 
residual insecticide. 
One of the main objectives of the PareTaveta Malaria Scheme, was to 
determine whether spraying with Dieldrin, a residual insecticide could 
arrest malaria transmission in an economical faesible way, under ave-
rage East African conditions (Wilson, 1960). The Scheme which was ex-
ceptionally well planned, and meticulously carried out, showed that an 
appreciable residuum ofparasiteswasleftinman.lt also demonstrated 
a continued considerable human infectivity for the vector-mosquitoes of 
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the A. gambiae complex. A. funestus had disappeared from the area 
(Wilson, 1960). Despite these observations, a campaign to eradicate ma-
laria from the islands of Zanzibar and Pemba, by use of Dieldrin and 
later DDT as remanent insecticide, commenced in 1958 and was finally 
discontinued in 1968, malaria still being present on both islands. 
Chemotherapeutic control has also been tried on an experimental basis 
at Mto wa Mbu, an isolated settlement in the Arusha Region, where me-
dicated salt containing 0.3 per cent chloroquine-base has been distribu-
ted to the populations since 1961. The method, which became popular, 
was initially highly succesful, however, non-medicatedsalthasincrea-
singly become available to the local population and has seriously reduced 
the high level of control originally attained. Experimentalmass admini-
stration of pyrimethamine or compounds belonging to the related group 
of the biguanides, showed the occurence and rapid spread of cross-
resistant P. falciparum strains (Clyde, 1967), invalidating these drugs 
for control purposes. The occurence of strains of P. falciparum resis-
tant against chloroquine has sofar not been demonstrated in Tanzania 
(Lelijveld and Mzoo, 1970). Resistance in vector anophelines against 
residual insecticides has also never been observed in Tanzania. 
4. Immunology and serology in malaria. 
Present studies on the epidemiological use of serological indices, were 
planned against this background of ample epidemiological information. 
Acquired immunity has a profound effect on the way malaria presents 
itself in a community. The gradual development of immunity to malaria 
as a result of repeated and continued exposure,has long been recognised. 
Robert Koch (1896), was the first to describe the process of developing 
immunity, based on his observations in New Guinea and Tanzania. Simi-
lar observations were made by Schuffner (1919) in Indonesia. 
The classical study by Wilson (1936) at Gombero in Tanzania, has al-
ready been mentioned. The classification of different degrees of malaria 
endemicity by Wilson, Garnham and Swellengrebel (1949), has been in-
ternationally accepted since the Malaria Conference in Equatorial Africa 
held in Kampala in 1950 (World Health Organization, 1951). It recognises 
four categories of increasing endemicity, based on the spleen rate in 
different age-groups. Hypo-endemic malaria, when the spleen rate in 
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children of 2-9 years ranges between0and 10 per cent. Meso-endemic 
malaria, when the spleen rate in children of 2-9 years lies between 11 
and 50 per cent. Hyper-endemic malaria, with a spleen rate in children 
of 2-9 years constantly over 50 per cent, and an adult spleen rate which 
is also high. Holo-endemic malaria, when the spleen rate in children of 
2-9 years is constantly over 75 per cent, and the spleen rate in adults is 
low. For this classification, the spleen rate is used as a parameter for 
acquired immunity of a population. 
In human malaria a clinically detectable immune response follows upon 
infection, but this immunity appears to be incomplete, as it does not 
eliminate the parasite, but only induces a continuous lowgrade infection. 
For this apparent lack of true, residual or sterile immunity, Sergent et 
al. (1924), introduced the concept ofpremunition or infection immunity. 
Premunition was being characterised as the resistance during a state of 
latent infection against superinfection by a malaria parasite of the same 
species (Sergent, 1963). Histopathological studies by Taliaferro (1963) 
and his collaborators, who used simian and avian malaria infections, in-
dicated the integrated roles of cellular and humoral immune reactivity. 
With the use of immune sera, Cohen et al. (1961), demonstrated that 
protective humoral antibodies did exist in human gamma-globulin. 
These antibodies were present in the gamma-globulin fraction of the 
serum. However, the greater part of the gamma-globulin produced in 
response to chronic malaria infections seemed to consist of non-pro-
tective antibodies (Garnham, 1963; Curtain 1965). Tobie et al. (1966), 
demonstrated that the levels of various gamma-gobulin fractions such 
as IgG and IgM, started to rise in experimental sporozoite induced 
infections, soon after parasitaemia became patent. Cohen et al. (1961) 
found that the rate of Ig G synthesis in unprotected Gambians was about 
seven times that observed in Europeans. In endemic malarious areas, 
IgG and IgM class immuno-globulin levels were shown to increase with 
age, which suggested that repeated malaria infections were responsible 
(Rowe et al., 1968; Voller et al., 1971). However, only a small propor-
tion of the total amount of IgG, found in chronically exposed persons 
could be shown to be specific antibody against malaria parasite antigens 
(Cohen and Butcher, 1969; Butcher et al., 1970). 
Also cold agglutinins, heterophile antibodies, antigamma globulins, and 
antibodies against tissue antigens arise during malaria infections (Hou-
9 
ba and Allison, 1966; Kanoetal., 1968;Shaper et al., 1968; Klein et al., 
1969) 
Various kinds of specific malarial antibodies have been described. They 
include precipitins (Pewny, 1918; McGregor et al., 1966), complement 
fixing antibodies (Coggeshall and Eaton, 1938), agglutinins (Eaton, 1938; 
Desowitz and Stein, 1962; Brown and Brown 1965), and antibodies detec-
ted by immuno fluorescence techniques (Ingram, 1961; Voller, 1962). 
Most of these specific antibodies do not seem to be protective antibodies. 
Recently, Cohen et al. (1969; 1970), were able to demonstrate in vitro 
the activity of the latter. The protective activity of these antibodies 
seems to depend on their inhibitory effect on mature schizonts or extra-
cellular merozoites, as demonstrated in incubation experiments to-
gether with immune sera. No effect of such immune sera on the growth 
of intra-cellular parasites could be demonstrated. The effectiveness of 
this activity may be enhanced by the cytophilic action of IgG and IgM 
antibodies. Indeed specific antibody was shown to promote ingestion of 
parasites in vitro (Brown et al., 1970). Indications that cell-mediated 
immunity may also play part in malaria immunity in cooperation with 
humoral immunity, are now being investigated. (Phillips et al., 1970). 
Various methods of measuring circulating antibodies against malaria 
have been developed. Many, however, lack either sensitivity or specifi-
city, while others show great technical difficulties, suchas the prepara-
tion of a suitable antigen, or its production in sufficient quantities, which 
make their application to the study of human malaria difficult. Some of 
the more promising tests are the following: 
The complement fixation test, which was developed for malaria by Cog-
geshall and Eaton (1938). These antibodies which could, however, not 
be correlated to the clinical immune status of the patient, could easily 
be detected (Eaton, 1939; Schindler and Mehlitz, 1965). Even so Kliger 
and Yoeli (1941), who used the test as an epidemiological tool with anti-
gen derived form Plasmodium gallinaceum, an avian malaria parasite, 
concluded that for that purpose the test was suitable. 
The indirect haemagglutination test was developed for malaria by 
Desowitz and Stein (1962), who subsequently used it succesfully for a 
sero-epidemiological investigation. The main drawback, however, ap-
pears to be the preparation of a reliable antigen. Another serious draw-
back with this test is the existence of hete rophylic antibodies, which may 
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seriously influence the results obtained (Voller, 1971). Direct schizont 
agglutination (Brown and Brown, 1965)andsporozoite agglutination (Ri-
chards, 1966) tests are experimental laboratory methods but may hold 
out promise for the evaluation of possible future vacination procedures. 
The recently developed cappillary agglutionation test, by Kortmann et al. 
(1971), has the attraction of simplicity of performance, but has possibly 
the same drawbacks of the test of Desowitz and Stein. 
The precipation test was carried out as early as 1918 by Pewny, but only 
in recent years through the use of the double diffusion technique, has 
the study of precipitating antibodies become a sensitive tool in the hands 
of investigators studying interactions between various soluble antigens 
in particular those of P. falciparum and their antibodies (McGregor and 
Wilson, 1971). 
Because of the occurence of more than 29 different antigens and the re-
sulting complexity of interpretation of this test, the technique does not 
appear suitable for sero-epidemiological field studies as suggested 
earlier in a publication by a WHO scientific group (1968). 
The indirect fluorescent antibody test has been increasingly used since 
its introduction to the serological studies of malaria a decade ago. As a 
result of the experience gamed, it appears that this method has poten-
tially the required degree of both sensitivity and specificity. The tech-
nique seems a reliable tool which gives consistent results. The develop-
ment of this technique and the results obtained, have been extensively 
discussed in a World Health Organization document (1969), and more 
recently by Voller (1971). These reviews have been amply used in the 
summary of this development on the following pages. 
The fluorescent antibody technique depends on the principle, that simple 
compounds such as fluorescent dyes can be conjugated to antibodies, 
without destroying the reactivity of the latter (Coons et al., 1941). 
Fluoresceine isothiocyanate, a dye frequently used in immuno-fluor-
escent reactions, has the property to absorb short-wave ultra-violet 
light and in response to give an emission of a distinctive greenish light 
with a longer wave-length, i.e. it fluoresces. The indirect or sandwich 
method, uses a two step procedure. First , antigen and antibody, are 
allowed to react. Next the antigen-antibody complexes that have formed 
are exposed to anti-globulin, to which a fluorescent dye is conjugated. 
The complexes that are formed as a result of the second reaction con-
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tain the fluorescent dye and can be recognised under the fluorescent 
microscope, which uses an ultra-violet source of light. 
Circulating antibodies that can be measured with the indirect fluor-
escent antibody technique as used in malaria research, can be demon-
strated in experimental or therapeutic sporozoite induced P. vivax 
infections after fifteen to twenty three days, or three to eight days after 
the infection becomes patent (Kuvinetal., 1962; Lunn et al., 1966). The 
latter authors report that the highest titres are reached within two to 
three weeks after infection and that titres further increase following 
each relapse. In the case of blood induced infections, fluorescent anti-
bodies appear somewhat earlier than in sporozoite induced infections. 
In blood induced Plasmodium malariae infections, they could be demon-
strated as early as four days from the beginning of patency (Lupascu et 
al., 1967), and in the case of P. falciparum infections two to eight days 
from the onset of patency (Collins et al., 1964; Sadun et al., 1968). There 
are indications that fluorescent antibodies resulting from a sporozoite 
induced infection might persist somewhat longer than those resulting 
from a blood induced infection (Lupascu et al., 1968). 
In experimental infections, fluorescent antibodies are found initially in 
the IgMfractionoftheimmuno-globuIins,nextin both the Ig M and Ig G 
fractions and after some months in thelgG fraction only (Abele et al., 
1965; Collins and Skinner, 1968). Fluorescent antibodies against malaria 
were found to persist for varying times by different investigators. In the 
absence of chemotherapy, substantial titres were still found between one 
and two years after infection (Lunn et al., 1966; Lupascu et al., 1966; 
1968). Generally very low titres have been reportedas long as seven to 
fifteen years after intense contact with the parasite had ceased, but sub-
patent infections might have persisted (Kuvin and Voller, 1963; Dranga 
et al. 1968; Collins étal . , 1968; Voller, 1971). After radical cure, fluor-
escent antibody titres have, however, been observed to decline more ra-
pidly (Coudert et al., 1966; Garin et al., 1970). While Luby et al.(1967) 
still were able to detect titres, admittedly very low ones, thirteen years 
after radical therapy of Plasmodium vivax infections, it is generally 
agreed that within six months to one year after such treatment, fluores-
cent antibody titres should have reverted to negative (Wilson et al., 1970; 
Voller, 1971). 
In endemic malarious areas, the amount of fluorescent antibodies in-
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creases with age and seems to express the degree of contact with the 
parasite (McGregor et al., 1965; Meuwissen é t a l . , 1968; Voller and 
Bruce-Chwatt, 1968). This might be due also to some age dependent 
change in expression of the immune response (Voller et al., 1971). 
The real advantage of the fluorescent antibody technique is that the 
parasitized erythrocyte does not have tot undergo complicated proces-
sing for extraction of the antigen for the serological test. The whole 
parasite inside its host-cell envelope can be used as it is found in 
either thin or thick bloodfilms. 
Only for the soluble antigen indirect fluorescent antibody test (SAFA) a 
lysate of parasitized erythrocytes, fractionated by ionexchange chroma-
tography is used (Sadun and Gore, 1968). This test, which is still to be 
further developed, may one day open the door to mechanical titration of 
anti-malarial sera. The fluorescent reaction using a plasmodial antigen 
is specific and clearly differentiates malaria from other infections 
(Fulton and Voller, 1964; Collins etal. , 1966; Diggs and Sadun, 1965). 
The antigenicity of different Plasmodium species when used for this 
test varies, however, and the various developmental stages of the pa-
rasite show also a different pattern of reactivity. For tissue schizonts 
this was demonstrated by Ingram and Carver (1963), Voller and Taffs 
(1963), and El-Nahal (1967), and for sporozoites by Corradetti et al. 
(1964), and Sodemann and Jeffrey (1964). Amongst the intra-erythrocy-
tic forms that demonstrate the broadest cross-reactivity, the later de-
velopmental stages, the schizonts, produce the highest intensity of 
fluorescence. As far as the intensity of fluorescence is concerned the 
size and surface of a developmental stage of the Plasmodia is important 
(W.H.O., 1969). 
In general, the use of a homologous parasite as antigen will result in 
the highest titre (Tobie et al., 1962; 1963; Diggs and Sadun, 1965; 
Meuwissen, 1968). However, the use of some heterologus Plasmodia as 
antigen, in particular Plasmodium fieldi, showed not only an exceptio-
nally high degree of cross-reactivity (Collins et al., 1965; 1966, Meu-
wissen, 1966; 1968), but the titres obtained with this antigen were on 
occasion higher than those obtained by the use of the homologous spe-
cies as antigen (Collms et al., 1965; Meuwissen, 1966). However, in 
areas where P. falciparum is predominant, the highest titres are ob-
tained with the use of P. falciparum as antigen (Collins et al., 1967). 
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While P. falciparum is omnipresent on the african scene, the possibility 
of harvesting the parasite in quantities sufficient to be useful as antigen 
supply, is not great, in particular since only blood from internal organs, 
and not the peripheral blood contains the most reactive stage, the schi-
zont. The only organ that would be available for this purpose, and can on 
occassion be an exellent source of such developmental stages of the pa-
rasite, is the placenta of infected parturating women. Considerations of 
a practical nature exclude this approach. 
There is the possibility of harvesting P. falciparum schizonts from ex-
perimentally infected Actus trivirgatus, the South American owl monkey 
(Geimann and Meagher, 1967). Attemps to infect in East Africa either 
imported owl monkeys or a local primitive primate such as Galago 
crassicaudatis, the bush baby, were unsuccessful (Voller and Lelijveld; 
Lelijveld and Voller, loc.cit.). This animal proved to be also an unsui-
table host for P. fieldi, even after splenectomy. It would be of advantage 
if in the future the East African strains of P. faciparum could be adapted 
to a locally available primate since serological studies with the use of 
antigen homologous to the predominant parasite will then be possible. 
For these reasons, P. fieldi, was selected as the antigen of choice for 
the present studies. It has the added advantage, that it can easily be 
maintained in splenectomised Macaca mulatta, used at the laboratory of 
Medical Parasitology in Nijmegen and after splenectomy, in locally 
occurring Cercopithecus aethiops at the East African Institute of Mala-
ria and Vector-borne Diseases in Tanzania. 
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CHAPTER II 
Observations on the indirect 
fluorescent antibody technique 
1. Synopsis. 
The indirect fluorescent antibody technique used in the present studies 
is described in detail. Different batches ofP.fieldi obtained from mem-
bers of two different genera of host-monheys were used, as antigens. 
A high degree of reproducibility of titres was observed. In a comparison 
between various haemosporidial antigens, P. fieldi came second in sen-
sitivity to one batch of P. falciparum antigen of placental origin. 
2. Introduction. 
The indirect fluorescent antibody technique has eastablished itself as an 
useful tool for demonstrating the presence of circulating anti-plasmodial 
antibodies. For the present studies P. fieldi, was selected as the stan-
dard antigen to study differences in the degree of malaria endemicity in 
East Africa (Meuwissen et al., 1968). This antigen was selected for its 
uniformly high level of reaction with anti-sera against all four human 
species of Plasmodium (Collins et al., 1966; Meuwissen, 1968). 
Observations were made on the reactivity of the following antigens: 
P. fieldi, P. falciparum, Plasmodium cynomolgi languì*, and Hepatocys-
tis kochi. 
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These antigens were utilized in tests with human plasma samples from 
highly malarious areas in north-eastern Tanzania. Further observations 
were done on the reproducibility of titres obtained with known positive 
control sera, during titrations on different days in Nijmegen, using the 
same batch of P. fieldi antigen anda comparison was made of the sen­
sitivity of different batches of this antigen. Finally, the results are 
compared of titrations on the same sera, which were carried out in the 
laboratories in Nijmegen and in Tanzania. 
3. Materials and methods. 
All simian antigens were harvested from splenectomized monkeys that 
were experimentally infected with syringe passaged strains of the plas-
m odiai parasites. At the Laboratory of Medical Parasitology in Nijme­
gen, P. fieldi was harvested from M. mulatta, while at the laboratory of 
the East African Malaria Institute in Tanzania, locally occuring 
С aethiops were used to produce P. fieldi, as well als P. cynomolgi 
langur antigen. Parasitized blood for use as antigen, was harvested 
during a rising infection, within eight days of patency, just before schi­
zogony. From the blood moderately thin antigen smears were prepared, 
with a parasite density of about five or more schizonts per microsco­
pic field, using a high-power dry objective. Parasitized human placen­
tas, which were obtained from a maternity clinic, were used to harvest 
P. falciparum antigen. 
Immediately upon receipt of a heavily parasitized placenta in the labora­
tory, longitudinal slits were made over the maternal surface and then 
its contents were squeezed in sterile phosphate buffered saline (PBS), 
pH 7.2. The resulting blood-PBS mixture was then centrifugated at about 
2500 r.p.m. for about ten minutes. The supernatant and the buffy coat 
were discarded. The packed cells were then washed by three repeated 
suspensions in PBS, followed by centrifugation. From the brownish top 
layer, containing mostly infected erythrocytes, antigen smears were 
made as described above. For the H.kochi antigen, blood was used, from 
naturally infected C. aethiops, that had a patentgametocytaemia follo­
wing splenectomy. All antigen smears were air-dried at room tempera­
ture, wrapped in paper strips and stored at -70oC. Before the antigen 
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slides were used, they were thawed to room temperature in a dessicator 
over silica gel. 
The plasma samples were collected during the various sero-epide-
miological surveys. The tubes were filled with blood from a finger prick, 
heat sealed and centrigugated at 10.000 r.p.m. for three minutes. The 
packed-cell componentof each tube was then discarded and after sealing 
with plasticine, the tubes were stored at -70oC. 
With the aid of Marburg micro-pipettes, ten micro-litres of plasma we­
re diluted to an initial dilution of 1:20 with PBS. Two-fold serial dilu­
tions were then prepared with the micro-titre system (Sever, 1962). 
Wells of about ten milimetres in diameter were marked on each antigen 
slide. In Nijmegen astandardprocedureof one well per slide was used, 
while in Tanzania, one to three wells were used, which depended on the 
size and quality of the antigen film. The slides were then fixed and de-
haemoglobinised inO.lpercenthydrochloricacidforfive minutes. Sub­
sequently they were washed three times in PBS, while shaking on a 
mechanical shaker. 
After drying the surroundings of the wells, using absorbent tissue, the 
wells were overlayed with the appropriate serum dilution, and the anti­
gen was allowed to react with the antibodies for twenty minutes at 370C. 
The slides were washed again and dried, and each well was then over­
layed with a drop of commercially available fluoresceine conjugated 
anti-human globulin (Roboz *), diluted 1:20 with PBS. After incubation 
for twenty minutes at the above temperature, the slides were rewashed, 
the surroundings of the wells dried and the preparations were mounted 
using buffered glycerine and a coverglass. The slides were then exa­
mined with a Leitz Ortholux fluorescence microscope, using an Osram 
HBO-200W lamp as light source, a TiyodaUV 1.2-1.4 darkfield conden-
sor, and a three milimetre UG-UV 5 primary filter and а К 510 secon­
dary filter. 
Known positive and negative sera were always included as controls, as 
well as an PBS blank. Fluorescence was graded as either positive or 
negative. 
* Obtained from Roboz Surgical Instruments Co. Washington. 
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4. Results. 
From table 1. it can be seen that with sera collected in an area where 
P. falciparum is the predominant malaria parasite species, and that had 
previously shown a titre against P. fieldi antigen, frequently higher 
titres were obtained with P. falciparum antigens, harvested from infec­
ted placentae, than with P. fieldi antigen. However, only antigen 112, 
gave titres which were consistently as high or higher than those obtained 
with P. fieldi antigen of normal sensitivity, used in the comparisons. 
Titres obtained with P. cynomolgi langur antigen were a little lower 
than those obtained with P. fieldi antigen, whereas the Hepatocystis 
antigen gave in generally very low titres. The four different batches of 
P. falciparum antigen of placental origin, that were tested, Z517, A708, 
112, and С 727, showed different degrees of sensitivity. 
Table 2 gives information on the reproducibility of titres obtained with 
P. fieldi antigen at the laboratory in Nijmegen. This data concerns con­
trol sera, that were used in the titrations of various groups of survey 
sera. The titres given, were obtained either with the same batch of an­
tigen that was used on different days of titrations, or with different bat­
ches of antigen as they were used over the years. The titres differed at 
most two-fold from the mean titre. 
After instalment of equipment for fluorescence microscopy in Amani, 
standardization of the technique in both the laboratories in Nijmegen and 
Tanzania was attempted. At regular intervals the same sera were 
titrated against P. fieldi antigen in both laboratories. A summary of 
these tests is given in table 3. It shows that in the laboratory in Nijme­
gen higher titres were obtained with a number of sera showing a titre of 
1:20 in Amani. The reverse was true for sera showing a titre of 1:160 
or more in Amani. Identical titres or two-fold differences were found 
in 62 per cent of the sera tested. 
5. Discussion 
In general it is advantageous to use homologous antigens in sero-epide-
miological studies since cross-reacting heterologous antigens may pre­
sent difficulties as a result of a possibly different or partial reaction of 
the antigen-antibody system used. For the study of malaria antibodies 
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Antigens 
Serum P.cynomolgi Placental Placental Placental Placental Hepatocystis 
sample P.fieldi langur P.falcipamm P.falciparum P.falciparum P.falciparum kochi 

































































































































































































Tabel 2. Reproducibility of titrations of 6 positive control sera, titrated on different days and with different 
batches of P.fieldi antigen. (Nijmegen) 
Control sera Antigen Number of titrations showing titres of: 













































Table 3. Comparison of the results of the I.F.A. tests in Amani with I.F.A. tests in Nijmegen on 589 
sera with P. fieldi as antigen. 
Number of sera with titre of: AMANI 
< 1 : 20 
1 : 20 
1 : 40 
1 : 80 
1 : 160 
1 : 320 
1 : 640 

















































































with the fluorescent antibody technique, the use of P. falciparum as an-
tigen in areas where this parasite is predominant gives higher titres 
than the useof other malaria parasite species, as pointed out in chapter 
I. It can, however, be difficultto obtain this antigen and a cross-reacting 
heterologous antigen such as P. fieldi, may than offer a reliable alter-
native for the study of the prevalence and height of malaria antibodies 
in such areas. The present results, in accordance with earlier studies 
by Collins etal . (1966; 1967) and Meuwissen (1966; 1968), again indicate 
some differences in sensitivity between human and simian antigens. Only 
one of the four P. falciparum antigens of placental origin is clearly 
more sensitive than P. fieldi. The latter is, however, only slightly less 
sensitive. P. cynomolgi langur is in this small series less sensitive than 
P. fieldi as cross-reacting antigen and the Hepatocystis antigen demon-
strates only marginal sensitivity. 
The results also demonstrate marked differences in sensitivity, between 
different batches of P. falciparum antigen of placental origin. This could 
be due to variation in antigenicity of the various stages of development of 
the parasite. Mature trophozoites and schizonts, (WHO, 1969) act in ge-
neral as the best antigens in malaria immunofluorescence studies. In 
this context, it is relevant to note, that the most sensitive batch of 
P. falciparum antigen contained the most schizonts. 
The titres observed with the use of P. fieldi as antigen, were not as high 
as those observed duringparalel investigations, when P. falciparum an-
tigen, obtained from an experimentally infected chimpanzee, was used 
(Draper etal. , in preparation). However, more important than the height 
of the titres obtained is the fact that such titres can be reproduced (Vol-
ler and Bruce-Chwatt, 1968). The reproducibility of the titres that were 
obtained with the control sera used in titrations on different days during 
the present investigations, was shown to be good. This underlines the 
reliability of the indirect fluorescent antibody technique under rigidly 
standardized conditions.(Finally, comparison of the results obtained in 
the titrations of the same sera in two different laboratories, indicates 
that substantial differences occured between the results obtained with 
various individual sera. Low-titred sera showed higher titres in Nij-
megen than in Amani. The reverse was true for high-titred sera. Wet-
her this represents a difference in sensitivity or expresses merely a 
difference in judgment of the individuals who read the endpoints is not 
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clear. It should be noticed that these results were compiled from a 
series of several tests, spread over a period of about a year and that 
the antigens used in the tests were obtained from different species of 
host monkeys, M. mulatta in Nijmegen and C.aethiops in Amani. 
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Map 1. North-Eastern Tanzania with survey areas. 
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as parameters of differences 
in malaria endemicity 
1. Synopsis. 
In this chapter the results of sero-epidemiological malaria surveys 
are presented. The surveys were carried out in different areas of 
north-eastern Tanzania, at various times between 1967 and 1970. The 
Indirect Fluorescent Antibody technique was applied in this study. 
Analysis of the serological data indicate that the technique is a valuable 
aid for the assessment of malaria endemicity. 
2. Introduction. 
The work of McGregor et al. (1965) in the Gambia, suggested the 
possibility of assessing the epidemiology of malaria under field condi-
tions with the Indirect Fluorescent Antibody (I.F.A.)technique. There-
fore, the present investigations, were planned in areas with various 
degrees of malaria endemicity in north-eastern Tanzania (see Map 1). 
These areas can be arbitrarily classified in three categories: 
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2.1. Holo-endemic areas: 2.1.1. the area of Muheza/Ubembe except for 
the town area of Muheza. 
2.1.2. the Handeni area. 
2.2.Meso-endemic areas: 2.2.1. the Mkomazi valley. 
2.2.2. the Mkuzi area. 
2.2.3. the Middle Zigi valley. 
2.2.4. the Amani Hills. 
2.3. Non-endemic areas : 2.3.1. the Mamba/Bwambo area. 
2.3.2. Kilimanjaro's eastern slope. 
2.1. Holo-endemic areas. 
2.1.1. The country side around Muheza town at the foot of the eastern 
Usambara Mountains at the entrance to the Middle Zigi valley, varies 
in altitude between 200 and 300 metres. The average annual rainfall is 
1000 to 1500 mm. There are two rainy seasons, the more important 
covering the months of March, April and May, and the lesser occurring 
during the months of November. Mean monthly temperatures range 
from a maximum of 290C during February toa minimum of about 230C 
in July, just after the long wet season. 
The population of inhabitants of the area is predominantly African. The 
economy is mainly agricultural and a few cattle are kept in the area. 
There are two hospitals and a maternity clinic. The per capita income 
per year averages 9 75-, but the standard of living in the area is im-
proving steadily. 
Malaria is highly endemic and transmission occurs perennially with 
some seasonal fluctuations. The main vectors are A. gambiae spp., and 
A. f unes tus. The predominant parasite species is P. falciparum, while 
P. malariae as well as P. ovale are present at a low level. Infections 
with P. vivax are rare nowadays. Antimalarial drugs are freely distri-
buted in hospitals and dispensaries to clinically ill people. The drugs 
are also easily available at any shop. In the past, numerous malaria 
studies were carried out in this area, e.g. Davidson and Draper (1953), 
Gillies (1954), Pringle and Avery-Jones (1964) and Clyde (1967). 
These earlier studies made use of the usual parameters of endemicity 
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such as the indices of splenomegaly and parasitaemia, observed in the 
various age-groups of the population. During 1967 (Otienoet al., 1971) 
and 1968 malaria surveys were carried out in the Muheza/Ubembe 
area. 
2.1.2. The area around Handeni, lying between the Pangani River and 
the Nguru Mountains, is dry with a strictly seasonal rainfall pattern, 
reaching about 600 mm per annum. The area 's economy is based on 
subsistence farming during the wet season. Lack of rainfall during this 
season results not infrequently in near famine conditions. The area is 
poor, the standard of housing and medical and educational facilities are 
much lower than in the country side around Muheza. Malaria transmis-
sion is seasonally bound and occurs from three to six months per year 
(Clyde, 1967). In the present study, the serological surveys were car-
ried out in 1968. 
2.2. Meso-endemic areas. 
2.2.1. During 1970, a serological survey was carried out in the mal-
arious Mkomazi valley. This valley lies between the South Pare Moun-
tains and the Usambara Mountains. It formed part of the spraying area 
of the earlier mentioned Pare Taveta Malaria Scheme (see chapter I). 
Prior to the spraying with Dieldrin, which started in 1956, malaria in 
the valley was hyper-endemic and malaria transmission was perennially 
maintained by both vectors A. gambiae spp. and A. funestus (Wilson, 
1960). In 1958, when spraying was ended, parasite rates had dropped 
to less than fifteen per cent of the original level. 
Upon the termination of spraying, malaria transmission gained in inten-
sity, and the individual risk, as expressed by the mean number of 
infective bites per person per year, was in 1966 again at the pre-spray-
ing level. 
The parasite rates, however, stayed well below the original rates 
(Pringle, 1969), possibly due to the use of anti-malarials. As a result 
of the introduction of irrigation, the area has undergone an evolution 
from its original precarious economy to a rapidly improving socio-
economic level. 
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2.2.2. During 1970, the surveys were extended to the Mkuzi area, and 
the Middle Zigi valley (Voller et al., 1971). Both areas are adjacent 
to Muheza/Ubembe, whereas the latter arbitrarily is classified as 
holo-endemic, the former are classified as meso-endemic (see4.3.2). 
2.2.3. The Amani Hills form partoftheUsambara Mountains, and vary 
in altitude from 600 to 1000 metres. The hills or mountain slopes are 
covered by evergreen forest, what is an exceptional occurrence for 
East Africa at these low altitudes. This cover is mainly due to the high 
annual rainfall of 2000 mm., which is well spread over the year. The 
temperature gradient is exceptionally steep due to the forest cover and 
as a consequence, temperatures are uncommonly low for these 
altitudes. The area has been described in great detail by Moreau (1933, 
1935). 
The area is not yet very densily populated, but a continuous immigration 
of people from other areas takes place mainly in the form of relatively 
short term labourers employed by various tea estates in the area. The 
socio-economic level is rapidly improving since the introduction of 
various cash crops in particular that of cardemon. 
Malaria transmission is patchy and limited to the period from January 
to March. The use of antimalarial drugs is widespread. The present 
studies were made during 1970. 
2.3. Non malarious areas. 
2.3.1. The Mamba/Bwambo area, in the South Pare Mountains, lies at 
a height of 1500 to 2000 metres. The annual rainfall is about 800 to 
900 mm, and the climate is cool and humid. The area is densily 
populated by some 7000 people belonging to the Wa-pare tribe. The 
economy is based on agriculture. The houses in the area are well 
constructed, and good health and educational facilities do exist. In the 
area itself there is no malaria transmission (Pringle, 1964.). The sur-
vey was carried out in 1967. 
2.3.2. The survey area on the eastern slope of the ice-capped Mount 
Kilimanjaro lies at a height of 1700 metres. The mean annual rainfall 
is 1000 to 1600 mm divided over two periods. March to May and the 
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months of November and December. Temperatures fall as low as 130C. 
The population numbers some 70.000 people. 
The area which is adequately watered by streams from Mount Kili-
manjaro, is prosperous due to the returns of coffee, which is the main 
cash-crop. The area is well served by public transport, schools, dis-
pensaries and maternity clinics. The standard of housing is quite 
above average. There is no malaria transmission (Clyde, 1967). The 
present surveys were carried out in 1970. 
3. Materials and methods. 
3.1. Population samples. 
The surveys in 1970 were intended to be based on samples representa-
tive for the population structure. For this purpose the areas were 
divided in suitable geographical blocks, and the houses were numbered. 
A census of the total population was taken and a random sample of 
fifteen per cent of the houses was drawn in each block with the use of 
tables of random numbers. 
An attempt was made to examine all the inhabitants of the houses in the 
samples. During the surveys of 1968 and 1970, this method of sampling 
was abolished in favour of the more practical method of assembling the 
population with te aid of local authorities in a local dispensary, court-
house, or under a large tree in the open (see also 4.1.1.). When it was 
found that insufficient numbers were examined for some of the age-
groups, the survey party went from home to home for additional 
adjustment. 
3.2. Personal data and socio-economic information. 
During the survey in Muheza/Ubembe, Handeni and Mamba/Bwambo, 
various personal and socio-economic data was collected from each 
individual. The age recorded for each individual was estimated, 
because reliable information on the birth dates was not available. For 
assessment of the socio-economic status, three categories of housing 
conditions were distinguished: huts or dwellings with mud walls and a 
thatched roof; semi-permanent houses or dwellings with mud walls and 
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a corrugated iron roof and permanent houses with brick walls in 
addition to corrugated iron roofs. At the same time the occupations of 
the adult people.were classified into categories suchas peasants, far-
mers, traders, skilled labourers and government officials. 
An attempt was also made to obtain some information on the type and 
frequency of drug use by persons included in the surveys. 
3.3. Physical and laboratory examinations. 
The subsequent physical part of the examination included palpation of 
the spleen and the collection of bloodsmears and blood for the serolo-
gical tests. 
Spleens were measured with people in standing position and spleen 
size recorded accordingly to Hackett's scale. Spleen Rates (S.R.), 
Average Spleens (A.S.), and Average Enlarged Spleens (A.E.S.), were 
calculated for the various age-groups in conformity with recommen-
dations of the World Health Organization (WHO, 1951). 
All thick and thin smears were stained with Giemsa. Parasites were 
calculated by assuming a standard leucocyte count of 8000 leucocytes 
per cubic millimetre. From these data Parasite Rates (P.R.), Parasite 
Density Indices (P.D.I.), and Positive Parasite Density Indices 
(P.P.D.I.), were calculated accordingly to the parasite density scale of 
Bruce-Chwatt (1958). 
Blood for serological examination was collected in heparinised micro-
capillaries which were sealed and kept on ice. Following centrifugation 
for three minutes, the cellular deposit was discarded and the resealed 
plasma column stored in a freezer at -20oC. 
Examination with the IFA technique, using Plasmodium fieldi as anti-
gen, has been described in chapter II. For analysis of the serological 
data, the following indices were devised: 
The Positive Titre Index (P.T.I.), i.e. the percentage of sera with a 
fluorescent antibody titre of 1:20 or more. 
The Mean Titre Index (M.T.I.) i.e. the arithmetical mean of the expo-
nents of two in the two-fold dilution series used for the titration of the 
samples. 
The Mean Positive Titre Index (M.P.T.I.), i.e. the mean of exponents 
in the group of sera with a titre 1:20 or more. 
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3.4. Data processing. 
All survey data were entered on punchcards in order to facilitate ana-
lysis through mechanical processing. 
3.5. The malariometric surveys in relation to the long wet seasons. 
The surveys of 1967 and 1968 in Muheza/Ubembe, that of 1967 in 
Mamba/Bwambo, and the survey of 1970 in the Mkomazi valley were 
carried out at the end of the long rains. In Handeni 1968 and in all the 
other areas in 1970, two successive surveys were done, one before the 
start of the long rains and the second near the end of the long wet season. 
Results. 
4.1. General information and survey data related to personal history. 
4.1.1. The subdivision of the Muh e za area in a rural part Muheza/ 
Ubembe and an urban part, Muheza town. 
The area of Muheza town and its rural neighbourhood, were divided in 
fourteen suitable geographical blocks. Accordingly to the pre-survey 
cencus of 1967, this area had 10.049 inhabitants (see table 1), they lived 
in 3390 houses. About fifty per cent of the inhabitants was younger than 
twenty years, and about six per cent was older dan fifty nine years. The-
re were slightly more females than males in the area. In the fifteen per 
cent random sample of houses 1130 people were examined (see table 2). 
Age and sex distribution in sample and total population corresponded 
very well. Preliminary results of the parasitológica! blood examination 
already indicated that probably malaria transmission was not uniform in 
the area. In the eleven blocks of the rural neighbourhood of Muheza, the 
parasite rates in 1967 in people from the age of two years onwards, were 
about three times higher than in the inhabitants of the three urban 
blocks. The data for the urban area blocks was assessed separately 
from the blocks of the rural area for the following reasons. 
Some anti-larval control measures are applied in the urban part of the 
survey area. In the urban part, the percentage of adults with a positive 
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Table 1. Number of people counted during the pre-survey census of 




10 - 19yrs 
20 - 39 yrs 
40 - 59 yrs 



























Table 2. Number of people expected and observed in various age-groups, living in fifteen per cent of the houses 
sampled in two areas. 
Muheza/Ubembe Mamba/Bwambo 
Age-groups Expected Observed Expected Observed 
0 - 4 years 
5 - 9 yrs 
10 - 19 yrs 
20 - 39 yrs 
40 - 50 yrs 








































Table 3. Distribution of houses in three categories. The figures 
indicate percentages observed in the population samples of different 
areas. 
Areas Huts Semi-permanent Permanent 
houses houses 
Muheza/Ubembe 83 12 5 
Handeni* 80 12 8 
Mamba/Bwambo 61 34 5 
Table 4. Distribution between various categories of occupation. The 
figures indicate percentages of the population samples of different 
areas. 
Areas Peasants Farmers Traders Officials Others 
Muheza/Ubembe 79 8 4 7 2 
Handeni* 92 2 2 2 2 
Mamba/Bwambo 90 0 6 3 1 
*Figures are based on the information of combined surveys 
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answer on the question of the use of anti-malarial drugs was about twice 
that of the rural part. Additional differences between rural and urban 
parts were, that in the latter about half the residents in the age-groups 
between ten and forty years lived there for less than five years, against 
nineteen per cent in the former area. Also relatively more people in the 
rural parts were classified as peasants, while proportionally in the 
rural area about ten times more people were found to live in huts than 
in the town area of Muheza. 
The data for the urban part will be given in chapter V. Only the results 
of the rural part of the area, the so called Muheza/Ubembe area, will be 
discussed in this chapter. 
4.1.2. The Mamba/Bwambo area. 
In the pre-survey census of the Mamba/Bwambo area, a population of 
7304 inhabitants was counted (see table 1), who lived in 1497 houses. 
About sixty three per cent of the population is younger than twenty 
years, and about six per cent was sixty or more. Also in this area 
females outnumbered males, (51.6 per cent vs 48.4 per cent). 
In the fifteen per cent random sample of the houses 1044 people were 
examined (see table 2). The distribution of age and sex in the sample 
matched that for the total population. 
4.1.3. Housing. 
Data on housing collected during malaria surveys in the three areas of 
Muheza/Ubembe, Handeni, and Mamba/Bwambo is given in table 3. The 
brighter situation of Mamba/Bwambo is reflected in relatively better 
housing conditions. 
4.1.4. Profession. 
In table 4, data on the occupation of adults is given. The majority of all 
examined adult people are classified as peasant. The relative poverty 
of Handeni area is reflected in the low percentage of people classified 
in the higher categories of occupation. 
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Table 5. The use of anti-malaria drugs. The figures indicate percentages 


















Table 6. Length of residence of the adult population of 15 years and 
older, in various areas. The figures indicate percentages of the population 






































"Figures are based on the information of combined surveys 
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P.malariae 0.5 0.5 1.5 2.5 
P.ovale 0.2 0.3 0.2 0.4 1.5 
P.vivax 
ω *Figures are based on the information of combined surveys 
Table 8. Malariometric indices for the Muheza/Ubembe area. May- June 1967. 
Age group Mean group Number of 
age sera examined Spleens Parasites Serology 
S.R.* A.S.* A.E.S.* P.R.* P.D.I.* P.P.D.I.* P.T.I.* M.T.I.* M.P.T.I.* 
0 - 11 mnth 
1 2 - 2 3 mnth 
2 - 4 yrs 
5 - 9 yrs 
10 - 19 yrs 
20 - 39 yrs 
40 - 59 yrs 

























































































Total 741 43 0.9 2.2 36 1.7 4.8 94 2.8 3.0 
*For explanation of the abbreviations see page 30 
Figures in parentheses give results based on less than 11 people 
4.1.5. The use of malaria drugs. 
An attempt was made to collect information on the use of anti-malarial 
drugs, on the frequency of useandonthe type of drugs used. It appear-
ed impossible to get reliable information at this point during the surveys. 
Therefore, we restricted ourselves to a summary of the overall data 
(see table 5). It indicates at least the existence of a great difference in 
the use of anti-malarial drugs between the three endemic malarious 
areas. 
4.1.6. The length of residence of the adult population in the various 
survey areas. 
The length of residence in the survey areas is summarised in table 6. 
A relatively high rate of migration is evident in Muheza/Ubembe, near-
by Mkuzi.the Amani Hills, and in Handeni. Sixteen to nineteen per cent 
of the adult population of these areas live there for less than five years. 
4.2. The parasite species. 
It follows from the data presented in table 7, that P. falciparum, is the 
predominant parasite species in all areas. P. malariae was not very 
frequently observed, except for the Mkomazi valley, where it was seen 
in 11 per cent of the parasitaemias. Benign tertian parasites were 
rare . 
4.3. The malariometric survey data. 
The data is given for eight age-groups. For each age-group, the mean 
age of the people examined is given. The exact number of sera examined 
is given for each age-group. It is in all instances representative for the 
number ofbloodslides and spleens examined, since all data was obtained 
from the same individuals. Detailed malariometric data is summarised 
in table 8 to 21, for each individual survey done either in different years 
or in different seasons. The main parameters are graphically represen-
ted in figure 1. 
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Table 9. Malariometric indices for the Muheza/Ubembe area, June 1968. 
Age group Mean group Number of 
age sera examined Spleens Parasites 
S.R.* A.S.* A.E.S.* P.R.* P.D.I.* P.P.D.I.* P.Τ 
0 - 11 mnth 
12 - 23 mnth 
2 - 4 yrs 
5 - 9 yrs 
10 - 19 yrs 
20 - 39 yrs 
40 - 59 yrs 









































































Total 701 35 0.9 2.4 30 1.6 5.2 99 
* For explanation of the abbreviations see page 30 
Figures in parentheses give results based on less than 11 people 
Table 10. Malariometric indices for the Handeni area, before the start of the long rains of 1968. 
Age group Mean group Number of 
age sera examined Spleens Parasites Serology 
S.R.*A.S.* A.E.S.* P.R.* P.D.I.* P.P.D.I.* P.T.I.* M.T.I.* M.P.T.I.* 
0 - 11 mnth 
12 - 23 mnth 
2 - 4yrs 
5 - 9y r s 
10 - 19yrs 
20 - 39 yrs 
40 - 59 yrs 

























































































Total 1073 16 0.4 2.5 40 2.1 5.4 98 3.3 3.4 
*For explanation of abbreviations see page 30 
Figures in parentheses give results based on less than 11 people 
4 i 
Table 11. Malariometric indices for the Handeni area, at the end of the long rains, of 1968. 
Age group Mean group Number of 
age sera examined Spleens Parasites Serology 
S.R.* A.S.* A.E.S.* P.R.* P.D.I.* P.P.D.I.* P.T.I.* M.T.I.* M.P.T.I.* 
0 - l lmnth 
12 - 23mnth 
2 - 4yrs 
5 - 9yrs 
10 - 19yrs 
20 - 39yrs 
40 - 59yrs 

























































































Total 221 48 1.0 2.2 47 2.6 5.6 98 4.0 4.2 
*For explanation of the abbreviations see page 30 
Figures in parentheses give results based on less than 11 people 
Table 12. Malariometric indices for the Mkomazi valley, at the end of the long rains of 1970. 
Age group Mean group Number of 
age sera examined Spleens Parasites 
S.R.* A.S.* A.E.S.* P.R.* P.D.I.* P.P.D.I.* P.T.I. 
0 - 11 mnth 
12 - 23 mnth 
2 - 4yrs 
5 - 9yrs 
10 - 19yrs 
20 - 39yrs 
40 - 59yrs 









































































Total 464 32 0.7 2.0 50 2.6 5.1 80 
* For explanation of the abbreviations see page 30 
Figures in parentheses give results based on less than 11 people 
4.3.1. The holo-endemic areas. 
In Muheza/Ubembe, the spleen rate of the 2-9 years age-group reached 
holo-endemic values in the survey of 1967 (table 8). However, during 
the survey of 1968 in the same period of the year, the spleen rates re -
mained in the same age-group just below the 75 per cent borderline, i.e. 
in 1968 (see table 9) the area should be classified as hyper-endemic 
(WHO, 1951). The other spleen indices, the A.S. and the A.E.S., resem-
bled each other closely in both years. The observed parasite rates are 
low for a holo-endemic area; the P.D.I. and P.P.D.I. levels are equal in 
both surveys, the parasite density is moderate, the decrease in parasite 
density starts early in childhood. The serological indices for the 1968 
survey are in general slightly higher than in 1967. 
In Handeni, the surveys of 1968 before and at the end of the long rains 
are summarised in tables 10 and 11. 
There is a remarkable difference in spleen rates obtained in the two 
surveys. Low spleen rates were observed in the survey carried out at 
the end of the season of low transmission, whereas holo-endemic levels 
were found in the same year at the end of the season of intense trans-
mission. The latter spleen indices of Handeni are similar to those of 
Muheza/Ubembe. The parasitológica! indices for the two surveys re-
sembled each other very much in both seasons, except for the greater 
number of parasitaemias in people often to forty years at the end of the 
long rains, and the higher parasite densities in these age groups. The 
P.D.I, values in Handeni, specially those of the survey at the end of the 
transmission season, reached higher levels than those of the Muheza/ 
Ubembe area. The level of the positive titre indices reached high values 
in both surveys. The mean titre indices for the various age-groups of the 
population were lower during the dry season than at the end of the season 
of intense transmission. 
4.3.2. The meso-endemic areas. 
A single survey was done in the Mkomazi valley, at the end of the season 
of intense transmission (see table 12). The spleen rates are low and so 
are the indices of the average spleen size. Up to the age of forty years, 
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Table 13. Malariometric indices for the Mkuzi area, before the start of the long rains of 1970. 
Age group 
0 - 11 mnth 
12 - 23 mnth 
2 - 4 yrs 
5 - 9 yrs 
10 - 19 yrs 
20 - 39 yrs 
40 - 59 yrs 























Spleens Parasites Serology 


































































55 2.0 3.7 86 2.7 3.1 
For explanation of the abbreviations see page 30 
Figures in parentheses give results based on less than 11 people 
¡£ Table 14. Malariometric indices for the Mkuzi area, at the end of the long rains of 1970. 
Age group Mean group 
age 
Number of 
sera examined Spleens Parasites Serology 






20 - 39 yrs 
40 - 59 yrs 






























































































Total 598 25 0.5 1.8 53 2.2 4.0 94 3.3 3.5 
* For explanation of the abbreviations see page 30 
Figures in parentheses give results based on less than 11 people 
Table 15. Malariometric indices for the Middle Zigi valley, before the start of the long rains of 1970. 
Age group Mean group 
age 
Number of 
sera examined Spleens Parasites Serology 
S.R.* A.S.*A.E.S.*P.R.*P.D.I.*P.P.D.I.*P.T.I.*M.T.I.*M.P.T.I.* 
0 - 11 mnth 
12 - 23 mnth 
2 - 4 yrs 
5 - 9 yrs 
10 - 19 yrs 
20 - 39 yrs 
40 - 59 yrs 



















































































Total 291 39 1.7 4.0 62 2.2 3.6 
* For explanation of the abbreviations see page 30 
Figures in parentheses give results based on less than 11 people 
4» 
Table 16. Malariometric indices for the Middle Zigi valley, at the end of the long rains of 1970. 
Age group Mean group Number of 
age sera examined Spleens Parasites Serology 









































































































Total 320 22 0.3 1.8 44 1.8 4.1 98 3.4 3.5 
* For explanation of abbreviations see page 30 
Figures in parentheses give results based on less than 11 people 
about fifty per cent of the people had a patent parasitaemia and also the 
positive titre indices reflect the same moderation in the intensity of 
malaria transmission. In Mkuzi, (see tables 13 and 14), spleens were 
not examined in the season of low transmission. During the season of 
intense transmission the splenic indices were similar to those of the 
Mkomazi valley. 
There were no great seasonal differences between the sets of parasito-
lógica! indices. The parasite density levels were somewhat lower than 
those observed in the Mkomazi valley. The small differences between 
the sets of positive titre indices observed for the two seasons were not 
significant. The titre levels are also close. The comparison between 
titre indices, M.T.I., and M.P.T.I. of the Mkuzi area and the Mkomazi 
valley in the same seasonal period show somewhat higher values for 
Mkuzi. 
The malariometric indices for the survey in the Middle Zigi valley, are 
given in tables 15 and 16. Again spleens were examined only during the 
survey at the end of the season of intense transmission. The spleen rates 
and the spleen size indices are lower than those of the other meso-ende-
mic areas in the same seasonal period. The differences are small. How-
ever, the parasite values at the end of the wet season are higher than 
those in the period before the long rains. There is for the different age-
groups no definite difference in parasite density between the two sur-
veys. There is no difference in parasite densities between the Mkomazi 
valley, Mkuzi and the Middle Zigi valley for both seasonal periods. Be-
fore the long rains the positive titre indices have lower values than after 
the long rains. This difference is more apparent in the Middle Zigi val-
ley, than in Mkuzi. The same is true for the mean titre indices and less 
so for the mean positive titre indices. The titre indices in the two sea-
sons are similar to those of the Mkuzi area. 
The malariometric data for the Amani Hills, the last mentioned meso-
endemic area, are given in table 17 and 18. Spleens were only examined 
during the survey at the end of the long rains. The rate observed in the 
2-9 years age-groups, indicated a near hypo-endemic degree of ende-
micity. All parasite indices were equally low in both surveys, irrespec-
tive of the age-groups. The serological indices were strikingly lower 
than those observed in the areas previously discussed, but the serologi-
cal index values still increase with age. 
49 
g Table 17. Malariometric indices for the Amani Hills,before the start of the long rains of 1970. 
Age group Mean group Number of 
age sera examined Spleens Parasites Serology 

















































0 - 11 mnth 
1 2 - 2 3 mnth 
2 - 4 yrs 
5 - 9 yrs 
10 - 19 yrs 
20 - 39 yrs 
40 - 59 yrs 














































Total 364 15 0.5 3.5 63 1.6 2.6 
* For explanation of the abbreviations see page 30 
Figures in parentheses give results based on less than 11 people 
Table 18. Malariometric indices for the Amani Hills, at the end of the long rains of 1970. 
Age group Mean group Number of Spleens Parasites Serology 
age sera examined 
S.R.* A.S.* A.E.S.* P.R.* P.D.I.* P.P.D.I.* P.T.I.* M.T.I.* M.P.T.I.* 
0 - 11 mnth 
12 - 23 mnth 
2 - 4 yrs 
5 - 9 yrs 
10 - 19 yrs 
20 - 39 yrs 
40 - 59 yrs 

























































































Total 677 12 0.1 1.6 11 0.5 4.6 74 1,5 2.1 
* For explanation of the abbreviations see page 30 
Figures in parentheses give results based on less than 11 people 
СЛ 
to Table 19. Malariometric indices for the eastern slope of Mount Kilimanjaro, before the start of the long 
rains of 1970. 
Age group Mean group 
age 
Number of 
sera examined Spleens Parasites Serology 
S.R.*A.S.* A.E.S.* P.R.* P.D.I.* P.P.D.I.* P.T.I.* M.T.I.* M.P.T.I.* 
0 - 11 mnth 
1 2 - 2 3 mnth 
2 - 4 yrs 
5 - 9 yrs 
10 - 19 yrs 
20 - 39 yrs 
40 - 59 yrs 
























































































Total 251 0.4 0.004 0.01 24 0.3 1.3 
*For explanation of the abbreviations see page 30 
Figures in parentheses give results based on less than 11 people 
Table 20. Malariometric indices for the eastern slope of Mount Kilimanjaro, after the long rains of 1970. 
Age group Mean group Number of 
age sera examined Spleens Parasites Serology 
S.R.* A.S.* A.E.S.* P.R.* P.D.I.* P.P.D.I.* P.T.I.* M.T.I.* M.P.T.I.* 
0 - 11 mnth 
12 - 23 mnth 
2 - 4 yrs 
5 - 9 yrs 
10 - 19 yrs 
20 - 39 yrs 
40 - 59 yrs 

























































































Total 240 8 0.1 1.4 0 0 0 29 0.3 1.1 
* For explanation of the abbreviations see page 30 
Figures in parentheses give results based on less than 11 people 
СП 
CO 
Table 21. Malariometric indices oftheMamba/Bwambo area of the South Pare mountains. July - August 1967. 
Age groups Mean group 
age 
Number of 
sera examined Spleens Parasites Serology 
S.R.*A.S.* A.E.S.* P.R.* P.D.I.* P.P.D.I.* P.T.I.* M.T.I.* M.P.T.I.* 
0 - 11 mnth 
12 - 23 mnth 
2 - 4 yrs 
5 - 9 yrs 
10 - 19 yrs 
20 - 39 yrs 
40 - 59 yrs 




































































































* For explanation of the abbreviations see page 30 
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Figure 1. Spleen Rates, Parasite Rates and Positive Titre Indices of 
Holo-endemic, Meso-endemic and Non-endemic malarious areas, before 
and at the end of the wet season, differentiated for various age-groups. 
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4.3.3. The non-endemic areas. 
The data for the surveys on the eastern slope of Mount Kilimanjaro, is 
given in tables 19 and 20. Spleens were only examined in the survey 
carried out before the long rains. A maximum spleen rate was obser-
ved of fifteen per cent, in the age-group of 2-4 years. Only one para-
sitaemia was found, in a child belonging to the age-group of 5-9 years, 
during the survey at the end of the season of long rains. The serologi-
cal index values are low and mean titres were lower then 1:20 in all 
age-groups. 
In Mamba/Bwambo, in the South Pare mountains, a single survey was 
done following the long rains of 1967 (see table 21). The spleen rate 
was about twenty per cent for the 2-4 years age-group. The spleen 
sizes were small. Of the 11 parasitaemias, only two were seen in child-
ren below the age of five years, the density of these parasites was 
relatively high in view of the age-groups of the parasite-carriers con-
cerned. The serological indices are low, the mean titre is well below 
1:20 in all age-groups concerned. 
4.4. Special observations on I.F.A. ti tres. 
4.4.1. I.F.A. titres and sex. 
Serological indices derived from the combined data of the two surveys 
in the Muheza/Ubembe area are given in table 22, with a differentiation 
for sex and age-groups. These data confirm that the serological para-
meters are almost equal for both sexes. 
4.4.2. I.F.A. titres and pregnancy. 
For five endemic areas Muheza/Ubembe, Handeni, Mkomazi, Mkuzi 
and the Mddle Zigi valley, the serological indices of pregnant women 
are compared with those of the people in the age-groups of 15 to 39 
years (see table 23). In this small number of data, serological diffe-
rences could not be demonstrated. 
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Table 22. Comparison of serological indices for the two sexes, (based on the combined data of the surveys 
in Muheza/Ubembe in 1967 and 1968). 
Age-groups 
0 - 11 
12- 13 
2 - 4 
5 - 9 
10- 19 
20 - 39 























































































g Table 23. Comparison of serological indices for pregnant women and all members of the same population-
and age-group. 
Pregnant women Comparable population group 























































Table 24. Parasitaemia and parasite density in people from a number of highly endemic malarious areas, 
analyzed in terms of low and high I.F.A. titres. Sera were collected during the season of low 
transmission. 
I.F.A.titre 1:40 or less I.F.A. titre 1:160 or more 
Age-group. No.exam. P.R. P.D.I. P.P.D.I. No. exam. P.R. P.D.I. P.P.D.I. 
0 - 1 1 months 63 37 2.3 6.2 17 0.9 5.0 
12 - 23 months 
2 - 4 years 
5 - 9 years 
10 - 19 years 
20 - 39 years 
40 - 59 years 

























































Table 25. Parasitaemia and parasite density in people from a number of highly endemic malarious areas, 




12 - 23 months 
2 - 4 years 
5 - 9 years 
10 - 19 years 
20 - 39 years 
40 - 59 years 












I.F.A. titre 1:40 or less 



















I.F.A. titre 1:160 or more 










































Table 26. Prevalence of parasitaemia in seronegative people (I.F.A.titre<l:20) from various areas . Sera were 
collected during the seasons of high transmission. 
Muheza/Ubembe Handeni Middle Zigi Mkuzi Mkomazi Amani Hills Kilimanjaro Mamba/Bwambo 
valley (eastern slope) 
Age-groups N.exam N.+ve N.exam N.+ve N.exam N+ve Nfexam M+ve N?exam Mîve Nfexam N.+ve N.exam N.?ve Nfexam N.+ve 
2 1 0-11 months 
12 - 23 months 
2 - 4 years 
5 - 9 years 
10 - 19 years 
20 - 39 years 
40 - 59 years 
































































































































4.4.3. I.F.A. titres and parasite density. 
To explore a possible relationship between parasitaemia and the I.F.A. 
titre, in different age-groups, the parasitológica! indices of sera with a 
titre smaller or equal than 1:40, were compared with those with a titre 
of 1:160 or more. 
In table 24 and table 25, the combined data for the same five endemic 
areas is given, respectively for the season of low and of high malaria 
transmission. No correlation between parasitological indices and 
I.F.A. titre could be demonstrated, not even in the youngest age-groups. 
4.4.4. I.F.A. titres smaller than 1:20, combined with patent parasitae-
mias. 
In all malarious areas, a number of persons with a patent parasitaemia 
but without a detectable I.F.A. titre were observed. The prevalence of 
this combination is given in table 26 for the various age-groups and for 
the various endemic areas. 
4.4.5. I.F.A. titres and gametocyte density. 
Indirect fluorescent antibody titre levels were studied in gametocyte 
carriers in the age-group of 0-4 years. Table 27 compiles the results 
of various endemic areas; there is no correlation between gametocyte 
density classes and titre indices. 
4.4.6. I.F.A. titres and splenomegaly. 
Table 28 gives a summary of the titres in 769 children of 0-9 years 
with a differentiation for spleen enlargement. There appears to be no 
correlation between degree of spleen enlargement and I.F.A. ti tres. 
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Table 27. Comparison between gametocyte density and I.F. A. titre levels in 99 children of 0 - 4 years from 









































ω * Pringle and Avery-Jones's scale (1966) 
2 Table 28. Comparison of spleensize and I.F. A.titre levels in 769 children of 0 - 9 years from Handeni, Middle 
Zigi valley, Mkomazi, MkuziandMuheza/Ubembe. 
Spleen size* Number examined Number sero-positive M.T.I. 
1 179 165 2.6 
2 283 261 2.2 
3 190 180 2.6 
4 88 80 2.7 
5 29 29 3.1 
Total 769 715 
* Hackett's scale (WHO., 1963). 
5. Discussion. 
The male/female sex ratio obtained by the pre-survey census of 1967 
in the Muheza/Ubembe area and in the Mamba/Bwambo area are 
smaller than 100. For western rural communities this is an atypical 
ratio. One explanation could be the high migration rate, especially of 
young adult males in their pursuit of employment (Prothero, 1965; 
Pringle, 1964). This great mobility of the East African population ob-
served by others (Southall, 1961), also finds expression in our data. In 
some of the areas up to nineteen per cent of the people of fifteen years 
and more lived there for less than five years. 
The median age of the Muheza population is about twenty years and for 
Mamba/Bwambo even lower. This is an indication of a high birth rate 
combined with a declining infant and child mortality rate. For Mamba/ 
Bwambo, Pringle (1969) found infant mortality rates as low as 13 pro 
mille, as compared with a national infant mortality rate of about 23 pro 
mille. 
The majority of the people in the rural survey areas are still peasants, 
who live in huts and who farm for subsistence. Marked differences in 
socio-economic level between the three areas that were compared for 
occupation and housing existed. The highland area Mamba/Bwambo, 
with its greater proportion of better houses, is the most advanced of the 
three, whereas Handeni is still rather backward. 
Human ecological factors play a role in the dynamics of the epidemio-
logy of malaria. Knowledge of these factors is a prerequisite to the 
planning of control and eradication in a particular community. 
These factors, however, do not directly determine the degree of mala-
ria endemicity. In the present study no correlation could be 
demonstrated between any one of the ecological determinants (e.g. 
housing, occupation, length of residence, the use of drugs), and the 
malariometric data, especially with regard to the serological findings. 
Therefore, the laborious attempts to obtain samples, truly represen-
tative also for the socio-economic infrastructure of the various areas 
were abandoned after 1967. Examination of a sufficiently large number 
of people from the various age-groups became the primary aim in each 
survey. 
The spleen and parasite indices for the various age-groups of the sur-
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vey areas are generally lower than expected for African endemic mala-
rious areas. Interpretation of the spleen rates observed, according 
to WHO definitions for the classification of malaria endemicity (WHO, 
1951), shows that the Muheza/Ubembe area should be classified for 
1967 as holo-endemic, but for 1968 as hyper-endemic. Handeni should 
be classified as holo-endemic on the basis of survey data obtained at 
the end of the season of intense transmission, whereas, at the end of 
the dry season, when there is hardly any transmission of malaria 
taking place, the spleen rates qualify the area only as meso-endemic. 
All the other endemic areas had to be classified as meso-endemic. 
Even the two rural areas without malaria transmission, the eastern 
slope of Mount Kilimanjaro and Mamba/Bwambo, reached meso-ende-
mic spleen rate values. This illustrates the weakness of the classifi-
cation of malaria endemicity based on the recommendations of the 
Kampala conference (1951). They support the contention (WHO, 1963), 
that splenomegaly is not a very reliable index for this classification. 
The parasite rates are lower than expected, in view of the data reported 
previously for some of these areas (Davidson and Draper, 1953; Clyde 
1967.). This phenomenon has been attributed by various authors to the 
influence of the increasing use of highly effective antimalarials (Otieno 
et al., 1967; de Geus, 1971). The parasite rates are very similar before 
and at the end of the wet season or the season of intense transmission. 
For an assessment of the degree of endemicity, our data indicate the 
limitations of the use of the parasite rates alone (Dowling and Shute, 
1966) or in combination with the examination of the spleens (Schuffner, 
1919; Metselaar and van Thiel, 1959). The parasite density indices 
should also be considered in theassessmentof the degree of endemicity. 
In stable malaria conditions,only minor fluctuationsin parasite densities 
in adults can be expected. In people of the age-groups between 10 and 40 
years in Handeni, higher parasite densities are observed at the end of 
the rainy season, than before the rains. This agrees with the remarkable 
differences in spleen rates that were found before and at the end of the 
rainy season. It raises the question wether malaria in Handeni, should 
not better be classified as hyper-endemic instead of holo-endemic? It 
again suggests that the difference between holo-and hyper-endemic on 
account of differences in spleen rate is an academic question. 
Can serological surveys offer a more reliable method for the assess-
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Table 29. Some characteristics of four areas with a different pattern of malaria endemicity, related to 
the development of the Mean Titre Indices in succesive age-groups from two through thirty-nine 





Spleen rate in 2 - 9 
years age-group 
Handeni 
3 - 6 months 
Middle Zigi Valley 
Perenially 
Major seasonal rises Moderate seasonal 
rises 
Amani Hills 
Less then three 
months 
Strictly seasnonal 
















Mean Titre Index 
(2 through 39 years 
of age) 2.8 - 5.0 2.4 - 4.3 0.9 - 2.4 0.3 - 0.7 
titre indices 
10 20 30 40 50 60 70 mean age 
titre indices-
before wet season 
.HANOENI 




^•^ ZIGI VALLEY 
KILIMANJARO 
20 M «0 50 60 70 mean a g * 
Figure 2. Development of Mean Titre Indices in successive age-groups 
in four areas with a different pattern of malaria endemicity, observed 
before the start of the wet season and at the end of the wet season. 
68 
ment of endemicity? Data from sero-epidemiological field studies using 
the I.F.A. technique, commencing with the study by McGregor et al. 
(1965), in the Gambia, suggested the potential usefullness of this sero-
logical technique for this purpose. Data from the present surveys sup-
ports the case for including serological data in further assessments of 
endemicity. In table 29 a number of characteristics of four different 
areas each with a different pattern of malaria, are given. This data is 
compared with the increase in mean titre index for successive age-
groups. Its graphical presentation is given in figure 2. In the age-
groups of two to thirty-nine years, there is apparently a continuous 
increase in the mean titre index, between the limits indicated in table 
29. This data strongly suggests that differences in degree of malaria 
endemicity are reflected in mean I.F.A.titres. There is some difference 
in mean titres at the age of two years. This is followed by a difference 
in the rate of acquirement of antibody at older age. It is of special 
interest to note that there is virtually no such increase in mean titre in 
the area free of malaria transmission on the eastern slope of Mount 
Kilimanjaro. This suggest that I.F.A. titres are sufficiently sensitive 
to register differences in degree of malaria endemicity. The mean 
titre indices before the wet season are lower than these indices at the 
end of the rains for each of the four areas (see tables 10, 11, 15, 16, 17 
18, 19 and 20). These differences are small. Nevertheless they seem 
to indicate fluctuations of the I.F.A. titres occuring in parallel with 
seasonal variations in intensity of malaria transmission. Seasonal va-
riations in serological parameters have already been reported by Kagan 
et al. (1969) from their studies in Ethiopia with the indirect haemagglu-
tination test for malaria. If the mean I.F.A. titre indices are potential 
parameters for temporary variations in intensity of transmission, they 
would be very useful for the evaluation of progress and for the guidance 
of malaria control and eradication programmes. 
With regard to the two other serological parameters, the positive titre 
index and the mean positive titre index, the impression is that they do 
not add additional information. The positive titre index (i.e. the percen-
tage of positive sera), rises with increasing age in all malarious areas, 
and sooner or later reaches the ninety to hundred per cent level. Only in 
the non-transmission areas did this index never attain such values. In 
the transmission free survey area on Mount Kilimanjaro, only the 20 to 
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39 years age-groups have a positive titre index of fifty per cent. This 
might be due to occassional but repeated contact with malaria of the 
highly mobile population during visits to the surrounding malarious 
areas. In all the other age-groups this index remains below forty per 
cent. In the Amani Hills area, which has a very low degree of meso-en-
demicity, the ninety to hundred per cent mark for the positive titre index 
was reached between 20 and 30 years of age. In contrast, in the highly 
endemic areas everyone had a demonstrable titre before the end of the 
second year of life. The positive titre index based on a positive fluor-
escence reaction at the initial dilution of 1:20, therefore appears to be 
too sensitive to be useful to distinguish between areas with varying de-
grees of malaria endemicity. Use of a positive titre index based on a 
positive fluorescence reaction at an initial dilution of 1:40 or more 
offered no advantage. The mean positive titre index, did not add anything 
to the information already obtained with the mean titre index, to be 
useful as a separate parameter of malaria endemicity. 
The serological data for Muheza/Ubembe area, Mkuzi, and the 
Mkomazi valley place these areas in the 'Middle Zigi valley category' 
of endemicity (see table 26). Despite the fact that Muheza/Ubembe 
should have been classified in 1967, according to WHO recommenda-
tions, as holo-endemic, it would appear that the Middle Zigi pattern of 
endemicity seems to conform better with the actual situation. The 
Middle Zigi valley, Mkuzi, and Muheza/Ubembe, are all part of one 
contiguous and ecologically homogenous area, unlikely to provide great 
differences in malaria transmission. The serological indices for the 
Mkomazi valley conform to the expectations for this area, where mala-
ria is returning to its original level of hyper-endemicity. 
The mean titre levels observed for the Mamba/Bwambo transmission 
free area, are similar to those observed for the survey area on Mount 
Kilimanjaro. With increasing age, there is virtually no increase in 
mean titre indices for the various age-groups of the population. 
The titres observed during these investigations are low, when com-
pared to those observed in the Gambia (McGregor et al., 1965), Nigeria 
(Voller and Bruce-Chwatt, 1968), and Ethiopia (Collins et al., 1968). 
This might be due to the use of P. fieldi as heterologous antigen in an 
area where P. falciparum is predominant (Matóla et al., in preparation). 
However, in the opinion of VollerandBruce-Chwatt(1968), the technique 
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giving the highest titres is not necessarily the best. Of more importance 
is in their opinion, that the relative titres are suitable to compare diffe-
rent age-groups and different populations, and that such titres can be 
reproduced. 
Haverson et al. (1968), found a general correlation between the degree 
of parasite rates and the level of fluorescent antibody titres. Voller and 
Bruce Chwatt (1968) on the contrary, observed high antibody levels con-
comitant with low parasitológica! data. Collins et al. (1968) found high 
parasite rates and corresponding high titre levels in one area and high 
titre levels with low parasite rates in another area. Other authors, 
(McGregor et al., 1965; Coudert etal. , 1966; Rey et al., 1967), specifi-
cally reported correlations between high parasitaemias and high fluor-
escent antibody titres. Marsden et al. (1967), however, concluded that 
in his study there was no correlation between antibody level and parasi-
taemia. In the present study no evidence could be found in any age-group 
of the combined highly endemic areas, to indicate a correlation between 
the level of the fluorescent antibody titres and parasite density neither 
for the season of low transmission nor for the season of high transmis-
sion. 
Let us consider the possible influence of an age dependent change in the 
expression of the immune response (Voller etal. , 1971). It may be, since 
the degree of parasitemia in a population seems of no direct significan-
ce, that frequency and variety of antigenic stimulation determine the age-
related increase in incidence of fluorescent antibodies. 
The level of the antimalarial fluorescent antibody titre as expressed in 
the mean titre index, appeared to be affected by seasonal fluctuations in 
the intensity of transmission. During the season of intense transmission 
people are likely to be more frequently and more heavily infected and 
to encounter different strains, in particular of the predominant parasite 
species. 
Finally, Field et al. (1963) and Garnham (1966) mention a theory connec-
ting the production ofgametocytesofP. falciparum to the host's immu-
nity. This theory was based on the observations on the appearance of 
protective immunity intheparasitecarryingpopulationsexamined.lt is 
of interest that in the present studies no correlation could be demon-
strated between the presence of gametocytes and the serological findings. 
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CHAPTER IV 
Serological indices as parameters 
of progress of malaria control 
and eradication 
1. Synopsis. 
Three areas were studied serologically, each presenting a different 
aspect of control and eradication of malaria in East Africa. 
These areas are the islands of Zanzibar and Pemba, the Mto wa Mbu 
settlement, an the town area of Muheza. 
Data obtained in these areas gives support for the contention, that the 
indirect fluorescent antibody (I.E. A.) technique provides valuable infor-
mation in addition to the usual parasitological and entomological infor-
mation, required for the evaluation of malaria control and eradication 
programmes. 
2. Introduction. 
Various workers (Rey etal. , 1967;Haversonetal., 1968; Collins, et al., 
1968) have indicated the potential usefulness of the I.E. A. technique for 
the evaluation of an anti-malaria campaign. Combined parasitological 
and serological investigations are now reported, which were carried out 
in three areas where different methods of control and eradication of 
malaria under East African conditions were practised. The three areas 
are 1) the islands of Zanzibar and Pemba, 2) the Mto wa Mbu settlement, 
3) the town area of Muheza. 
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2.1. The islands of Zanzibar and Pemba. 
A WHO assisted Malaria Eradication Project was initiated in 1957 on 
the islands. 
Prior to 1958, malaria outside the town of Zanzibar had been found to 
be hyper-endemic, and on Pemba to be holo-endemic. The malarious 
situation was, therefore, similar to that on the mainland (WHO, 1957; 
Clyde, 1967). The main malaria vectors had been indentified as 
A. gambiae spp. and Anopheles rivulorum. Malaria parasite species 
recorded were P. falciparum, the predominant parasite species, 
P. vivax and P. malariae (WHO, 1957). In 1958 a start was made with 
residual insectcide spraying, originally with Dieldrin on a once a year 
base and since 1962 with DDT at six months intervals. 
By 1967, when the serological surveys started, malaria transmission 
had been greatly reduced but not completely interrupted. This failure 
had a threefold origin. The continous uncontrolled movement of fisher-
men and clove-harvest workers between the islands and the malarious 
mainland, constituted a source of continuous re-introduction of the pa-
rasite. Serious difficulties of a political administrative nature hampe-
red its correct implementation during the final years of the project. 
Finally, there was an incomplete understanding of the ecology of the 
disease on the islands. Knowledge of the speciation and the respective 
habits of the members of the A. gambiae complex was incomplete. In 
addition important sites of transmission, such as the so called cora-
lene areas and the rice areas, where seasonally about 19.000 people 
lived in some 12.000 temporary dwellings, was not recognised untili 
1966. 
In mid 1968, the local Zanzibar government decided the abrupt abolish-
ment of the eradication project. From 1969 onwards, yearly serologi-
cal surveys could no longer be continued in the indicator area of 
Kombeni on Zanzibar and in that of Ole on Pemba. 
2.2. The Mto wa Mbu settlement. 
Mto wa Mbu is situated at the northern end of Lake Manyara and as-
tride the mainroad to sites of tourist importance, such as the Ngoro-
ngoro crater, Serengeti, the Olduvai Gorge and the Manyara Game Park 
next to the settlement itself. 
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Malaria surveys carried out in 1953 and 1960, showed a holo-endemic 
pattern of malaria endemicity for the area. It also showed that trans-
mission was particulary intensive during the wet season at the 
beginning of the year in this rapidly expanding settlement (Clyde, 1967). 
Because of its originally isolated position amidst the dry and trans-
mission free plains, the settlement was selected for a WHO assisted 
project to study the possibilities to control or even eradicate malaria 
with medicated salt. Pinotti reported in 1954 results obtained in con-
trolling malaria in inaccessible areas of Brazil, by medicating salt 
with chloroquine. The proportion of chloroquine in the salt is based on 
the daily salt intake and is aimed to give a weekly dosage empirically 
found to be effective for the prophylaxis under local conditions. This 
dosage was estimated to be in the order of 160 mg chloroquine-base for 
semi-immune adults of MtowaMbu. From 1961 onwards, medicated salt 
containing 0.3 per cent chloroquine-base replaced all ordinary salt in the 
shops of the settlement. No surcharge was added to the price. Within 
three months of introduction of the medicated salt, malaria parasitae-
mias had become rare in people of more than two years. In breast-fed 
infants, despite the fact that they received no chloroquine, as it is not 
transferred with the milk, parasites were only rarely observed after 
the first nine months of the scheme. 
When in 1966, WHO assistance came to an end the government was un-
able to take over the costs of the medicated salt, its supply came to 
an end, and ordinary salt reappeared in the settlement. However, the 
popularity of the method asserted itself and the local population deci-
ded to continue the scheme, by bearing the extra costs and surcharging 
the salt. Under supervision of the regional medical authorities, medi-
cated salt was back on the counters within six months from the termi-
nation of the pilot-scheme. 
Because no salt suitable for mixing with the drug was available in Tan-
zania, medicated salt was imported from Kenya. Import restrictions, 
enforced in 1969, temporarily stopped this importation andonee again 
jeopardized the scheme. The break-down of the project was prevented, 
however, by a timely resumption of the supply. 
Increasing development of the tourist potential of the settlement's 
hinterland causes a rapid growth of the Mto wa Mbu population and of 
its communications with neighbouring trade centres. As a result, 
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cheaper salt is increasingly introduced in the area, and that is rapidly 
destroying the last vestiges of malaria control. 
2.3. The Muheza town area. 
Muheza is a small but rapidly growing town, lying about 25 miles inland 
from Tanga, at an altitude of 150 to 200 metres. The rainfall varies 
from 1000 to 1500 mm per year, and the temperature ranges from 230C 
to 290C. The surrounding area has been arbitrarily described as holo-
endemic in chapter three. In contrast to the typical rural surroundings, 
the transmission potential of malaria is reduced by aspecific factors 
common to urbanised areas and by some specific antimalarial mea-
sures. These consisted of temporary or permanent drainage of stan-
ding water, and weekly applications to such water-collections of 
larvicidal high spreading oil, containing five per cent DDT. Another 
important factor that may contribute to the reduction of malaria under 
these semi-urban conditions, is the increasing availability and use of 
powerful antimalarial drugs. 
3. Materials and methods. 
3.1. The islands of Zanzibar and Pemba. 
After consultations with local government officials and WHO advisors 
concerned, the Kombeni area on Zanzibar and the Ole area on Pemba 
were selected as indicator areas for the malariometric evaluation sur-
veys. The Kombeni area was supposed to be representative for typical 
problem areas, whereas the Ole area wasthoughtto be an area, where 
the project had been relatively successful. Surveys in these areas were 
carried out after the long rains of 1967 and 1968. On Zanzibar all inha-
bitants of the Kombeni area were examined in both years, because the 
pre-survey census had shown the population to be small. During the sur-
veys of 1967 and 1968 on Pemba, the aim was to obtain sufficient num-
bers in the various age-groups, rather than a sample representative 
for the population structure. 
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Table 1. Malariometric indices for the Kombeni area on Zanzibar, July-August 1967. 
Age group Mean group Number of 
age sera examined Spleens Parasites 
S.R.* A.S.* A.E.S.* P.R.* P.D.I.* P.P.D.I.* 
0 - 1 1 mnth 6.2 mnth 
12 - 23 mnth 

















































































* For explanation of the abbreviations see page 30 
Figures in parentheses give results based on less than 11 people 
3.2. The Mto wa Mbu settlement. 
In the Mto wa Mbu settlement surveys were carried out before and at 
the end of the long rains of 1970. During the surveys the aim was to 
examine sufficient numbers in the various age-groups. It was not pos-
sible to include in either survey an examination for the occurence of 
splenomegaly. 
3.3. The Muheza town area. 
The survey of 1967 in Muheza, was like the other surveys in that year 
in the same general area, intended to be based on a representative 
population sample. It was, therefore, carried out following the tech-
nique described in chapter three, using a pre-survey census, numbe-
ring the houses and drawing a fifteen per cent sample of the houses in 
the area, the inhabitants of which were to be included in the survey. 
During the survey of 1968, this was changed to obtain sufficient numbers 
in each of the various age-groups rather than a sample representative 
for the population structure. 
3.4. Methods and techniques. 
Methods and techniques that were employed during these surveys were 
identical to those used during the surveys described in chapter three. 
During the survey at the end of the long rains, in Mto wa Mbu, the Tan-
zania Malaria Service carried out simultaneously and in close collabo-
ration a survey to establish the sporozoite rates in the vector anopheli-
nes found in the houses of the settlement. Data on the standard of salt 
medication, i.e. its content of chloroquine-base, were collected and ana-
lysed by the chemistry section of the East African Institute of Malaria 
and Vector-borne Diseases, since 1967. 
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4. Results. 
4.1. The islands of Zanzibar and Pemba. 
Malariometric data from the survey held on Zanzibar in 1967, is given 
in table 1 and figure 1. Similar data from the survey of 1968, which was 
carried out some months after the eradication project had closed down 
and its remaining activities had ceased, is given in table 2 and figure 1. 
The indices of splenomegaly are very low in the two surveys. Also the 
indices of parasitaemia for both the surveys are low. However, on both 
occassions an appreciable number ofparasitaemias was observed, some 
of them in the younger age-groups. 
The serological data is of special interest, because the serological indi-
ces for the survey of 1968 in the Kombeni area, done after the final 
break-down of the eradication project are consistently higher than that 
of the previous year in that area. 
Malariometric data from the surveys done in the Ole indicator area on 
Pemba is given in tables 3 and 4 and figure 1. Few enlarged spleens 
were observed during either survey in this area. The parasite preva-
lence in the population surveyed was extremely low. Only one parasi-
taemia was found amongst 1450 blood-slides examined for the 1967 
survey, and not a single parasitaemia was seen amongst the population 
sample examined in 1968. The serological data from the two surveys on 
Pemba, shows little difference, in contrast to that of Zanzibar. In Ole 
the serological indices do not tend to be higher in general for the survey 
carried out after the collapse of the eradication project. Table 5 presents 
monthly parasite incidence rates per thousand of the population for each 
of the two islands. They are figures reported in recent years by the au-
thorities responsible for the project's implementation. This data re-
flects the less than satisfactory situation which developed on the main 
island Zanzibar, when compared with the relatively better results ob-
tained on Pemba. The periodical fluctuations in the two sets of data 
should, however, be noticed. 
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Table 2. Malariometric indices for the Kombeni area on Zanzibar, August 1968. 
Age group Mean group Number of 
age sera examined Spleens Parasites 
S.R.* A.S.* A.E.S.* P.R.* P.D.I.* P.P.D.I.* 
0 - 11 mnth 5.8 mnth 21 0 0 0 0 0 0 
12 - 23 mnth 1.0 yr 30 
2 - 4 yrs 3.0 yrs 72 
5 - 9 yrs 6.8 yrs 125 
10 - 19 yrs 14.1 yrs 119 
20 - 39 yrs 28.6 yrs 179 
40 - 59 yrs 50.8 yrs 138 
^ 60 yrs 66.1 yrs 69 
Total 753 1 0.02 (2.0) 3 0.08 3.7 
* For explanation of the abbreviations see page 30 











































g Table 3. Malariometric indices for the Ole area on Pemba, July - August 1967. 
Age group Mean group Number of 
age sera examined Spleens Parasites 
S.R.* A.S.* A.E.S.* P.R.* P.D.I.* P.P.D.I. 
0 - 11 mnth 
12 - 23 mnth 
2-4 yrs 
5 - 9 yrs 
10 - 19 yrs 
20 - 39 yrs 
40 - 59 yrs 

































































Total 1341 3 0.03 1.3 0.07 0.003 (5.0) 
* For explanation of the abbreviations see page 30 
Figures in parentheses give results based on less than 11 people 
Table 4. Malariometric indices for the Ole area on Pemba, August 1968. 
Age group Mean group 
age 
0 - 11 mnth 
12 - 23 mnth 
2 - 4 yrs 
5 - 9 yrs 
10 - 19 yrs 
20 - 39 yrs 
40 - 59 yrs 




















Spleens Parasites Serology 
















































































52 0.7 1.3 
* For explanation of the abbreviations see page 30 
Figures in parentheses give results based on less than 11 people 








































































































± 150.000 inhabitants 
Table 6. Malariometric indices for the Mto waMbu settlement, before the start of the long rains of 1970. 
Age group Mean group Number of 
age sera examined Spleens Parasites Serology 
S.R.* A.S.* A.E.S.* P.R.* P.D.I.* P.P.D.I.* P.T.I.* M.T.I.* M.P.T.I.* 
0 - 11 mnth 
12 - 23 mnth 
2 - 4 yrs 
5 - 9 yrs 
10 - 19 yrs 
20 - 39 yrs 



















































































> 60 yrs 68.3 yrs (0) (0) (0) (100) (2.8) (2.8) 
Total 178 18 0.9 5.2 66 1.2 1.7 
oc 
* For explanation of the abbreviations see page 30 
Figures in parentheses give results based on less than 11 people 
¡g Table 7. Malariometric indices for the Mto wa Mbu settlement, at the end of the long rains of 1970. 
Age group Mean group Number of 


















































0 - 11 mnth 
1 2 - 2 3 mnth 
2 - 4 yrs 
5 - 9 yrs 
10 - 19 yrs 
20 - 39 yrs 
40 - 59 yrs 






































Total 354 19 1.2 6.0 71 1.5 2.1 
For explanation of the abbreviations see page 30 
Figures in parentheses give results based on less than 11 people 
Table 8. Percentage of people of various age-groups of the popu-
lation of Mto wa Mbu, who lived there for more than 5 years. 
Age-group 
0 - 23 
2- 4 
5 - 9 


















σ» Table 9. Quality of chloroquine medication at Mto wa Mbu, as expressed by the presence of 0.26% or more 














































Table 10. Gametocyte prevalence rates observed before and since the introduction of medicated salt in 
Mto wa Mbu. 
Age-groups Pre-treatment July March June 
1961 1963 1970 1970 
0 5.4 11.3 
3.0 10.7 8.3 
1.3 3.6 12.5 
1.5 3.4 2.7 
0.7 3.5 1.9 
0 - 2 yrs 
3 - 5 yrs 
6 - 10 yrs 








- • j 
gg Table 11. Sporozoite rates observed in vector-anophelines at Mto wa Mbu before and since the introduction 
of medicated salt. 




No.exam. No.+ve. Rate per No.exam. No.+ve. Rate per 
cent cent 
Joint vector species 
No.exam. No.+ve. Rate per 
cent 










273 16 5.9 757 31 4.1 
503 0 0 
81 1.2 
1.5 
186 4 2.1 
Table 12. Malariometric indices for the urbanised area of Muheza town and immediate surroundings. 
May-June 1967. 
Age group 
0 - 11 mnth 
12 - 23 mnth 
2 - 4 yrs 
5 - 9 yrs 
10 - 19 yrs 
20 - 39 yrs 
40 - 59 yrs 






















Spleens Parasites Serology 



















































































* For explanation of the abbreviations see page 30 
Figures in parentheses give results based on less than 11 people 
4.2. The Mto wa Mbu settlement. 
In Mto wa Mbu, spleens were not examined during the two surveys 
carried out in 1970. The parasite rates are higher than expected. How-
ever, there are no marked differences between the two surveys (see 
tables 6 and 7 and figure 1). The parasite densities are relatively high 
for all age-groups and only seem to decrease slightly with increasing 
age. The serological indices from both surveys are not very different 
either. Their level compares very well with similar data observed for 
the Amani Hills (see tables 17 and 18 of chapter III). 
Information on the relative length of residence for this population of a 
rapidly growing area, is given in table 8. Nearly half the adult popu-
lation lived less than five years in the settlement. The contents of 
chloroquine-base found on different occassions in samples of salt col-
lected from the local shops or the kitchens of local households, is given 
in table 9. Since 1967 it seems that standards of control, as reflected by 
this data, have deteriorated. The samples obtained from local kitchens 
are in this respect especially revealing. 
The gametocyte rates observed during both the 1970 surveys are given 
in table 10, together with earlier data, reported by the project super-
visor (1961, 1963). These rates seem now to have returned close to the 
pre-control levels. The sporozoite rates observed at the end of the long 
rains of 1970, are given in table 11, together with those reported in 
quarterly reports from the projects early years (1961,1963) and made 
available by the Tanzania Malaria Service (Mzoo, personal communica-
tion). Since 1967, the sporozoite rate seems to be increasing again. 
4.3. The Muheza town area. 
Malaroimetric data from the town area of Muheza is given in tables 12 
and 13 and figure 1 for the surveys of 1967 and 1968 respectively. Indi-
ces from the survey in 1967, are in general lower, than those observed 
in the survey of 1968. The spleen rates are compatible with holo-ende-
micity in the 1967 survey, but characteristic for hyper-endemicity 
during the survey of 1968. There is a remarkable divergence between 
these spleen rates and their concommittantparasitological indices. The 
percentage positive titres (P.T.I.) is substantially higher for the 1968 
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Table 13. Malariometric indices for the urbanised area of Muheza town and immediate surroundings. June 1968. 
Age group Mean group Number of 
age sera examined Spleens Parasites Serology 
S.R.* A.S.* A.E.S.* P.R.* P.D.I.* P.P.D.I.*P.T.I.*M.T.I.*М.Р.Т.1.* 
0 - 11 mnth 4.5 mnth 11 23 0.8 (3.3) 33 2.3 (7.0) 100 1.8 1.8 
12 - 23 mnth 1.0 yr 20 35 0.9 (2.7) 30 1.6 (5.3) 100 2.2 2.2 
2 - 4 yrs 2.8 yrs 20 
5 - 9 yrs 6.6 yrs 48 
10 - 19 yrs 14.1 yrs 42 
20 - 39 yrs 27.7 yrs 86 
40 - 59 yrs 45.2 yrs 25 
^ 60 yrs 60.0 yrs 7 
Total 259 
'"For explanation of the abbreviations see page 30 
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Figure 1. Spleen Rates, Parasite Rates and Positive Titre Indices, 
from the surveys at the end of the wet season on Zanzibar, Pemba and 
Muheza in 1967 and 1968; and from the surveys before and at the end 
of the wet seasons at Mto wa Mbu, in 1970. 
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Table 14. Comparison of some socio-economic parameters of people examined in Muheza town. 
Age-groups No. of people 
examined 
Residence in the area 
(per cent) 
Since birth Ten years Five years 
Percentage Percentage Percentage 
living in huts classified using anti 
as peasant malarial 
drugs 
CO 
0 - 11 mnth 
lyr 
2 - 4 yrs 
5 - 9 yrs 
10 - 19 yrs 
20 - 39 yrs 
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Figure 2. Development of mean titre indices (M. T. I.)in successive age-
groups in four areas with anti-malaria projects, and one rural mala­
rious area that has not been interfered with. 
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survey, than for the survey of the previous year. The mean titre index 
(M.T.I.) level for the various age-groups is also somewhat higher for 
the 1968 survey. The mean positive titre index (M.P.T.I.) levels are 
similar for the two surveys. 
The population figures for the survey of 1967 in the town area of Muheza 
indicate that about half of the residents in the age-groups of ten to forty 
years lived there for less than five years. Of the town's people 7 per 
cent live in huts, which is lessthanone tenth of the rate observed in the 
adjoining rural area. As expected less people (57 per cent), were classi-
fied as peasants than in the adjoining area (79 per cent). There were 
twice as many people in the area using antimalarials as in the rural 
surroundings (see table 14). 
4.4. Comparison of the mean titre indices of the study areas. 
The development of mean titre indices (M.T.I.) in successive age-groups 
of the populations from each of the anti-malaria project areas, is gra-
phically presented in figure 2. This is compared with the corresponding 
development of mean titre indices (M.T.I.) observed in an area where 
the present epidemiological situations is presumed to be more or less 
comparable to the situation existingprior to the implementation of anti-
malaria measures in the project areas. 
5. Discussion. 
The spleen rates in the 2-9 years age-group, which before the begin-
ning of spraying with Dieldrin in 1958, had been indicative of hyper-
endemic malaria on Zanzibar and of holo-endemic malaria on Pemba, 
have since come down to levels even lower than those observed in ma-
laria free areas on the mainland. The parasite prevalence rate of two 
percent observed in the survey of 1967, in the Kombeni area on Zanzi-
bar, together with the monthly incidence figures from the projects 
quarterly report, for the months of July and August 1967 for the whole 
island (see table 5) show, however, that malaria still was present. It is 
unlikely that all these parasite positive cases were imported from the 
malarious mainland, because none of the positive cases admitted that 
they had recently left the island for a visit to the mainland. Moreover, 
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parasite prevalence was also observed in members of the younger age-
groups, and for these children this voyage is uncommon. It seems, there-
fore, justified to conclude that malaria transmission was still persisting 
on Zanzibar. 
The parasite prevalence observed in the Ole area on Pemba, together, 
with the very low figures on monthly parasite incidence that are given 
by the project's quarterly reports (see table 5), indicate that malaria 
was very rare in that area, during 1967 and the first half of 1968. 
The low levels for the serological indices observed during the surveys 
of 1967 in both the Kombeni and the Ole areas, are remarkable, when 
compared to similar indices representative for mainland areas, that 
are more or less comparable to the epidemiological situation exsisting 
on the islands previously to the start of the eradication project (see 
table 8 and 9 of chapter III). The mean titre index (M.T.I.) levels found 
for Kombeni on Zanzibar, are lower than those observed for the lowly 
endemic Amani Hills (see table 17 chapter III) and the mean titre index 
(M.T.I.) levels observed in Ole on Pemba, are similar to those obser-
ved for the transmission free areas see table 20 and 21 chapter III). In 
areas with varying degrees of malaria endemicity, future longitudinal 
studies should t ry toassess in various age-groups, the rate of decrease 
of the mean titre levels after interruption of the transmission of 
malaria. 
The percentage of sera that still demonstrate a positive titre (P.T.I.) is, 
however, in both indicator areas still rather high in comparison with for 
instance the malaria free area on Kilimanjaro. This observation might 
either be explained as being due to persisting residues of high titre le-
vels originally attained by the whole population, or by the persistence of 
latent infections. With malaria transmission still persisting on Zanzibar 
and in the absence of further control measures, the transmission might 
have been expected to resume its original intensity. However, a mitiga-
ting influence might still have been present as a residual but gradually 
diminishing effect from the former spraying cycles. This might explain 
why the parasite rates between the two surveys were not very different 
and that there were no signs of the development of an epidemic situation. 
Still it is highly likely that an explosive situation will develop if one con-
siders the high positive parasite density indices in adults that indicate 
the loss of a substantial degree of their former protective immunity. 
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When the parasite rate is low, sample surveys for parasite prevalence 
are not sufficiently sensitive to indicate small changes as well in the 
epidemiological pattern as in the size of the parasite reservoir (Yeku-
tiel, 1961). As soon as the parasite rates have fallen to a low level, a 
cumulative index such as the parasite incidence rate is required for the 
assessment of the epidemiological pattern (Black 1969). 
Because of their cumulative nature the serological indices may also 
have the required sensitivity to indicate small changes of this pattern. 
The observation that the serological indices from the survey of 1968 in 
the Kombeni area, were constantly above those observed the previous 
year, might be an indication for the sensitivity of the serological ap-
proach to relative small epidemiological changes. Such changes in indi-
ces may, therefore, be useful to register early signs of deterioration 
in eradication projects. The mean titre index (M.T.I.) of the various age-
groups of the population of the Ole area, does not show any increase 
with advancing age, either in the survey of 1967, nor in that of 1968, 
thereby indicating that malaria was not or hardly transmitted in the 
area. 
In Kombeni on Zanzibar, however, a slight rise in mean titre (M.T.I.) 
level with advancing age, can be noted for the survey of 1967, for the 
survey of 1968, this becomes more distinct. In particular in people over 
the age of 10 years, the rise of the mean titre index (M.T.I.) with advan-
cing age is greater in 1968 than in 1967. These observations support 
the presumption that transmission still persists in the area. In addition, 
they suggest a possible gradual increase of this transmission. 
With regard to the size of the remaining parasite reservoir, Yekutiel 
(1961) points out that for the assessment ofprogress in the consolida-
tion phase of an eradication project, at least ten per cent of the popu-
lation should be surveyed each year. Otherwise a statistically reliable 
evaluation of the remaining parasite reservoir is impossible. While 
theoretically sound, the practical implications are evident. It would, 
therefore, be of great interest to explore the possibility of assessing the 
remaining parasite reservoir serologically. 
As shown in chapter three, a direct relationship between parasitaemia 
and fluorescent antibody titres in the endemic malarious areas could 
not be established. On the other hand, various workers have indicated 
the value of high titres to detect asymptomatic parasitaemias amongst 
97 
Table 15. Comparison of the frequency with which high fluorescent antibody titres are found in people with and 
without a patent parasitaemia, in an area with malaria control. 
1967 1968 T o t a l 
Result of the 
parasitological No. of people No. with a No. of people No. with a No. of people No. with a 
examination examined titre >1:160 examined titre ^1:160 examined titre ^1:160 
Parasite positive 17 3 17 7 34 10 (29.4%) 
Parasite negative 703 17 737 90 1440 107 (7.4%) 
Table 16. Parasite indices at Mto wa Mbu, as observed in different reports before and since the introduction of 
medicated salt in the settlement. 
Age-groups 
0 - 2 yrs 
3 - 5 yrs 
6 - 1 0 yrs 
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Report to the Regional Medical Officer, 
Arusha, 1967. 
5 Lelijveld and Mzoo (1970). 
blood-donors in or from previously malarious areas (Lupascu et al., 
1967; Ambroise-Thomas et al., 1970; Voller, 1971). If high titres are 
indicative for recent or past parasitaemias in areas, in which an ad-
vanced stage of an malaria eradication programme is reached, the 
value of serological surveillance is evident.In table 15 the figures for 
people with and without parasitaemia, with high antibody titre levels 
1:160 or more are compared. 
High titres were about four times more frequently found in parasite 
carr iers than in people without a patent parasitaemia, which is highly 
significant (see table 15). Future research should establish, whether in 
these circumstances high titres are indicative for recent parasitaemias, 
i.e. for the remaining parasite reservoir. 
The parasite rates observed in the two surveys carried out at Mto wa 
Mbu in 1970, indicating substantial transmission, are higher than those 
found in the early years of the project, but are still well below the rates 
occuring in the pre-control period (see table 16). The rates observed 
since 1961, when the project was initiated suggest that control began to 
break down in the period 1964 - 1967, most likely during 1966. At this 
time the originally well supervised project had to be abandoned through 
lack of funds. The deterioration of the situation during the following 
years is indicated by the various observations on increasing parasite 
and gametocyte rates in the population, and by the sporozoite rates in 
the local vector-anophelines. 
The increases in these various rates closely parallel the observations 
on the diminishing standards of medication. The relatively low chloro-
quine content of salt sampled from the kitchens when compared with the 
higher levels in salt sampled in the shops, indicate the value of analysis 
of household salt in the evaluation of future medicated salt programmes. 
Comparison of both the parasitológica! and serological data from the 
settlement, with similar observations in other endemic areas (see chap-
ter three), classify the present level of malariousness as meso-endemic. 
However, such a classification is of limited value but the serological 
approach adds no extra dimension to this information. 
The information on the relative length of residence of the population of 
Mto wa Mbu, shows their extreme mobility. This together with the rapid 
growth of the settlement, makes comparisons with earlier data hazar-
dous. It would appear that local efforts such as maintaining a medicated-
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salt malaria control project, even when not very efficiently managed, 
can have a distinct impact on the amount of malaria in the community. 
The desirability of maintaining such inadequately supervised control 
measures is questionable, specially in view of the suppression of early 
development and maintainance of protective immunity as is indicated 
by the high parasite densities observed in all age-groups. In addition, 
from a theoretical standpoint, there could be the danger of exerting a 
positive selection pressure for the development of chloroquine res is -
tance in P. falciparum strains. So far there is not the slightest indica-
tion for chloroquine resistance in the settlement (Lelijveld and Mzoo 
1970). 
A comparison of malariometric data of the two surveys carried out in 
the town of Muheza, with those obtained at the same time in the ad-
joining rural Muheza/Ubembe area (see tables 8 and 9, chapter III), 
suggests that malariometrically the urban area is somewhat less ma-
larious than its rural surroundings. The differences in indices between 
the two areas in 1967 are more distinct than those in 1968. These dif-
ferences that are admittedly small, may be due to the earlier mentioned 
mosquito control measures. However, in view of the remarkable diver-
gence between spleen rates and parasite rates, it is more likely that 
they reflect the higher rate of use of anti-malarial drugs by the urban 
population compared with the rural population. 
The areas selected for this study on the use of serological information 
for the evaluation of progress in malarial control and eradication pro-
jects, were not ideal. The goals of the various antimalaria measures 
were not obtained in any of them. In this respect these projects typical-
ly reflected the difficulties involved in their implementation. The results 
obtained suggest that the mean titre index (M.T.I.), may be a usefull pa-
rameter for the evaluation of progress in eradication projects. The 
positive titre index (P.T.I.) as well as the mean positive titre index 
(M.P.T.I.), did not seem to add any extra information under these cir-
cumstances. This is not an unexpected finding since the percentage of 
people maintaining measurable titres remained high. High titres (1:160 
or more with the antigen we used) may be considered as potential indi-
cators of the remaining parasite reservoir in areas where an advanced 
stage of malaria eradication has been reached. 
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CHAPTER V 
A longitudinal parasitological 
and serological study 
of malaria in schoolchildren 
1. Synopsis. 
For three years periodical examinations for splenomegaly, parasite 
prevalence and antibodies have been carried out, using individual mem-
bers of a schoolpopulation, who were given weekly prophylatic treat-
ment, and a similar control population using a placebo. The serological 
observations show important fluctuations in titre rate and titre level in 
both populations. These fluctuations could not be correlated with the 
degree of parasitaemia, nor with marked seasonal influences. They al-
so do not appear to be related to possible shortcommings in the serolo-
gical technique employed. It remains an unanswered question whether 
they are a feature of the sero-epidemiology of malaria. 
Upon conclusion of prohylaxis, parasitological data did reveal an in-
crease in malaria, but there was no subsequent increase in the absen-
tee rate from school. This suggests that although the periodically inter-
rupted regimen of drug prophylaxis did alter the acquisition of, or 
change the existing level of protective immunity of the children, this did 
not imply serious clinical consequences. 
2. Introduction. 
This follow-up study was only made possible through the cooperation of 
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pupils and teachers of two schools situated in the Zigi Valley. Both 
Tongwe and Ubembe schools cater for about 250 to 300 pupils each, who 
are divided over seven schoolyears. The malarious situation of the area 
has been described in chapter three. 
The study's objectives were to observe parasitológica! and serological 
responses in the pupils of one school, who received periodically, i.e. 
during the terms of schoolattendance, weekly antimalarial prophylaxis, 
as compared with their non-protected counterparts in the second school. 
It was assumed that both groups of pupils were exposed to the same ma-
laria risk. The observed changes in the I.F. A. titre level were expected 
to be of some relevance for the interpretation of similar data obtained 
in field surveys and intended to evaluate a malaria eradication 
programme. 
3. Materials and methods. 
At the start of the second term of the schoolyear 1966-1967, in April 
1967, base-line data on the rates and indices of splenomegaly, para-
sitaemia and fluorescent antibody levels were collected for the popu-
lations of both schools. The methods and techniques employed to obtain 
this information were identical to those employed during the endemicity 
surveys, and have already been described. Examinations were planned 
to take place at two-monthly intervals from the initial examinations 
onwards. In practice, this periodicity could not be realised and their 
frequency ranged from three to five amply spaced examinations a year. 
Because the protection of alternating children in each school could not 
be considered, Tongwe school was selected, for practical reasons to 
provide the protected group, and the pupils of Ubembe school were 
designated to recieve a weekly placebo in the form of Ca-Lactate, to 
provide the required non-protected group. 
The pupils of Tongwe school, received after the initial examination, a 
course of treatment with chloroquine sulfate, to remove all asexual pa-
rasites from the blood. This treatment was repeated in the course of 
the following two years, at the start of every term or after a period of 
absence from school exceeding two weeks. As it was shown that all pa-
rasite strains present in the area were fully susceptible to treatment 
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with a single dose of 10 mg chloroquine-base per kilogramme body-
weight (Lelijveld and Mzoo, 1970), this dosage was used for treatment. 
Following the above anti-malarial treatment, all children received du-
ring the first schoolterm at weekly intervals and under close super-
vision, pyrimethamine at the following rates: 12,5 mg for every child 
up to 40 kilogrammes, and 25 mg for children of 40 kilogrammes or 
more. Because preliminary analysis of the parasitológica! data indi-
cated that this dosage scheme was inadequate for the group receiving 
12,5 mg pyrimethamine, all children were given 25 mg weekly during 
the second schoolterm. Commencing with the third term, each child 
was given weekly treatment with Maloprim. Each tablet of Maloprim, 
contains 12,5 mg pyrimethamine and 100 mg diaphenyl sulfone. The 
weekly dosages were one half tablet for children under ten years and 
one tablet for children of ten years and older. The Tongwe school-
population received this treatment during schoolterms from April 1967 
to February 1969. As a result of increasing resistance by the parents 
against the continuous treatment of their children, it was decided to 
stop prophylaxis immediately following the periodic examiniation of 
February 1969. Periodical parasitológica! and serological examinations 
were continued, however, until December 1969. 
From amongst all the pupils who participated at one time or another, 
two working populations, group A and group В were selected for ana­
lysis. Group A consisted of 40 children from Tongwe school, and group 
В of 110 children from the Ubembe school. Both groups were divided 
over age-groups of 5-9 and of 10-14 years. 
All pupils constituting the groups had attended the project since its 
inception and, with an incidental exception, also all periodic exami­
nations. The forty pupils of Tongwe school, all had a complete or near­
ly complete record of weekly prophylaxis. That is, they did at most 
miss not more than three weekly treatments in two years; of these only 
two misses were allowed to be in sequence, and not to coincide with the 
third miss in the same schoolterm. Additional data on the efficiency of 
the different medication regimens used in the Tongwe school, was col­
lected by extra blood examinations for parasite prevalence in all school­
children at the beginning and the end of each schoolterm. 
Attendance records from Tongwe school provided data on mean monthly 
days of absence amongst the children participating in the study. Monthly 
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Table 1. Longitudinal follow-up study at Tongwe school in the age-group of 5 - 9 years 
(mean age 8.8. years). 
Periodic exa- Number of 
mination sera examined Spleen Parasites Serology 





































































































































* For explanation of the abbreviations see page 30 
Table 2. Longitudinal follow-up study at Tongwe school in the age-group of 10 - 14 years 
(mean age 11.6 years). 
Periodic exa- Number of 
mination sera examined Spleen Parasites Serology 

















































































































































For explanation of the abbreviations see page 30 
Table 3. Efficiency of weekly prophylactic treatment following curative treatment with chloroquine in the 
Tong we school population, in six consecutive school terms in 1967 and 1968. 
School Parasite rates for two 
terms age-groups prior to 
chloroquine treatment 
5 - 9 yrs 10 - 14 yrs 
Prophylactic 
regimen 
Parasite rates for two age-groups during period of prophylaxis 




mg weekly for body 
weight under 40 kg, 
25 mg weekly for 
body weight of 40 kg 
and over 
1st day 56th day -
35%-





mg weekly all 
children 
1st day 42th day 70th day 
0% 4% 10% 
1s t day 42th day 70th day 




P y r i m e t h a m i n e + 
Diaphenyl - su l fone 
'h tablet weekly un-
der 10 y r s , 1 tablet 
weekly over 10 y r s 
1st day 28th day 70th day 
0% 0% 0% 
1st day 27th day 56th day 
0% 5% 0% 
1st day 28th day 77th day 
0% 0% 0% 
1st day 36th day 90th day 
3 6 31% 25% 
1st day 28th day 70th day 
0% 0% 0% 
1st day 27th day 56th day 
0% 0% 2% 
1s t day 28th day 77th day 
0% 0% 0% 
1s t day 36th day 90th day 
0% 0% 2% 
rainfall figures from the area were collected at the fieldstation of the 
East African Institute of Malaria and Vector-borne Diseases, in Muheza, 
and were provided by courtesy of the East African Meteorological 
Department. 
4. Results. 
Data on splenomegaly, parasitaemia and antibody titres, obtained at the 
various periodic examinations in the drug protected group A and the un­
protected group В is presented in tables 1 and 2 respectively tables 
4 and 5. At the onset of the study the mean age in group A was 8.8 years 
for the 5-9 year age-group and 11.6 years for the 10-14 years age-
group. The data of group A shows that as soon as the parasitaemias 
were effectively prevented by the antimalarials -in December 1967 for 
the younger age-group, in June 1967 for the older schoolchildren - the 
spleen rate dropped considerably. In the total school population para­
sitaemias persisted in both age groups at the periodic examination of 
August 1967 as is shown in table 3. The same table contains data on 
the general effectiveness of the prophylaxis with pyrimethamine and 
Maloprim. In the period that pyrimethamine alone was given a low per­
centage of parasitaemia persisted; moreover, this percentage increased. 
After introducation of Maloprim a few occasional parasitaemias were 
observed. In contrast to the first period, parasite prevalence rates did 
not appear to rise again in the period with Maloprim medication. 
When in February 1969 after about two years the prophylactic treat­
ment stopped at a time when palpable spleens had virtually disappeared 
and parasitaemias were nearly absent, the splenic indices started to 
rise again. They remained, however, well below the original values, 
observed two years earlier. The parasite prevalence rates reached 
their former level. It should be noticed that the values of the parasite 
density indices raised well above the original level and also above that 
of the control school. The various sets of serological data graphically 
represented in figure 1, show an unexpected picture. The positive titre 
index (P.T.I.), mean titre index (M.T.I.) and mean positive titre index 
(M.P.T.I.) observed in the first examination of April 1967, were lower 
than those found during subsequent periodic examinations, until another 
reduction in antibody titre became apparent in the periodic examination 
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Table 4. Longitudinal follow-up study at Ubembe school in the age-group of 5 - 9 years 
(mean age 8.1 years). 
Periodic exa- Number of 
mmation sera examined Spleen Parasites Serology 
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Table 5. Longitudinal follow-up study at Ubembe school in the age-group of 10 - 14 years 
(mean age 11.6 years). 
Periodic exa- Number of 
mination sera examined Spleen Parasites Serology 





































































































































* For explanation of the abbreviations see page 30 
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Figure 1. Spleen, parasite and serological indices observed periodi­
cally during a longitudinal follow-up study of protected and unprotected 
school-children, presented against the background of monthly rainfall 
figures for the same period and area. 
I l l 
of February of 1969. The subsequent release from antimalarial prophy­
laxis was followed by a rise to the former serological level, but again 
a progressive decline of the titre values was seen at the periodic exa­
mination at the end of 1969. In figure 1 the course of spleen rates, pa­
rasite rates and titre indices during the period of observation are gra­
phically presented. 
In group В the mean age for the 5-9 year age-group was 8.1 years and 
11.6 years for those of 10-14 years. Data, similar to that of tables 1 
and 2, is given for this unprotected control group В in tables 4 and 5. 
Data on splenomigaly and parasitaemia shows a slow but progressive 
decrease in magnitude of index values over the period of observation. 
Similar to the observations on the protected group, the antibody titre 
levels for both age-groups were lower at the start than later on. Again 
there is a drop in titre around February 1969 and in December 1969. 
Figure 1 also gives the graphical representation of the data from the 
control school. 
Additionally, the mean monthly rainfall figures for the area are given 
in table 6 and figure 1. They do not show abnormal seasonal fluctua­
tions and cannot be related to the fluctuation in the antibody titre. Table 
7 finally gives a comparison of the mean number of days of absence 
from school, per month, for the various standards of the school with 
drug prophylaxis. The first six months of 1968 are compared with those 
of 1969 representing, respectively, a period with and a period without 
drug prophylaxis. 
No difference in absenteism wasobservedbetweenthetwo sets of data. 
5. Discussion. 
The goal of this part of the project was to study the rate of change in 
serological reactivity caused bythepreventionofparasitaemias.lt was 
expected that the results could be usefull for the interpretation of simi­
lar data obtained in surveys for the evaluation of a malaria eradication 
programme. However, the enigmatic serological results obtained do 
not give an indication for the persistence of circulating antibodies in 
malarious areas following the introduction of malaria control. 
The following items in the serological data, similar for both schools are 
difficult to explain: the low level of antibody titre before the start of the 
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Table 6. Monthly rainfall figures in millimetres observed at the 






















































Total 1802.0 1533.8 1419.4 
Table 7. Mean number of days of absence during first six months of 
1968 and 1969 i.e. during and after prophylactic treatment. 
Mean number of days of absence per month 
Standard 1968 1969 
2 0.8 1.2 
3 1.5 2.0 
4 1.1 1.5 
5 0.9 0.5 
6 1.5 2.4 
7 1.5 1.9 
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medication and its subsequent rise following the inception of medica-
tion with antimalarials or placebo; the sudden drop in antibody titre 
level at the end of 1968 and in the beginning of 1969, and another drop in 
titre in December 1969. These fluctuations in titre cannot be related to 
any known epidemiological feature in the field, specially there is no re-
lationship with the meteorological data. Since the fluctuations are not 
paralleled by a similar change in parasite rates in the control school 
they cannot have been caused by a sudden change in the free use of 
antimalarials. The most obvious explanation would, therefore, be that 
the findings were due to a technical shortcoming. 
We have tried to explore this possibility. The fact that the batches plas-
ma samples of December 1968, February and April 1969 from both 
schools were examined separately, one after the other and that for all 
these tests only one batch of antigen was used seems to rule out that 
the fluctuations are due to an inadvertent fluctuation in the technical 
performance of the test. 
Deterioration of some batches of plasma samples during collection, 
transport or storage before the processing seems another possibility. 
Any evidence for this is lacking, however. Since the samples were exa-
mined without pre-knowledge of circumstantional and administrative 
data, and since the curious results became available after all samples 
had been processed, re-examination of the remnants of the diluted sam-
ples was tried only many months later. This re-examination failed to 
give a solution for the problem since all samples showed a consider-
able drop in I.F.A. titre in comparison with those obtained in the first 
test. Diluted plasma samples from a few children were tested for hae-
maglutination inhibiting antibodies against measles virus to find out 
whether the drop in malaria antibody titre was associated with a simi-
lar drop in titre of antibodies against measles virus. In view of the fact 
that the condition of the stored diluted plasma samples was not optimal, 
it seems unreasonable to attach too much significance to the finding that 
no sudden decreases in anti-measles antibody titres were seen. Future 
longitudinal field observations on malaria antibody titres are needed to 
decide whether the observed titre fluctuations are an artefact or a not 
yet described feature of the sero-epidemiology of malaria. 
Pringle and Avery-Jones (1966) and Fasan (1970) in studies with school-
children, assessed the effect of medication on protective immunity. 
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After a short period of medication, an appreciable loss of protective 
immunity became apparent from the rise in parasite density. The pre-
sent data is in agreement with these findings. Although the prophylaxis 
was applied discontinuously and varying proportions of children had 
renewed parasitaemias during the holidays, it is apparent that the pro-
tected children must have lost part of their former ability to control the 
number of circulating parasites. Furthermore, the frequency of com-
plaints about fever increased. Since, however, the mean number of days 
of absence from school did not increase at the same time, it might be 
infered that the partial loss of protective immunity did not have serious 
clinical consequences. 
The parasitological results obtained during the first two terms of weekly 
prophylaxis, showed that pyrimethamine alone was insufficient to protect 
a substantial proportion of the children. Clyde andLaing (Clyde, 1967) 
had already observed that pyrimethamine resistance did rapidly appear 
in the same area, when it was used for the treatment and prophylaxis 
of malaria. Pyrimethamine is active against the pre-eryhrocytic forms 
of P. falciparum. The fact that parasitaemias were seen during prophy-
laxis after clearance of the circulation from parasites by chloroquine, 
suggests that strains of this parasite were resistant against pyrimetha-
mine and that they were transmitted in the area. 
Prophylactic treatment with Maloprim, however, was followed generally 
by the absence of parasites at the various examinations. The low preva-
lence that occasionally was observed, did not seem to have increased 
during subsequent examinations. 
It is unlikely, therefore, that parasite strains, able to overcome the 
sequential blockade by both pyrimethamine and diaphenyl sulfone 
(Goodman and Gilman, 1970), were involved. The ocassional break-
through of the parasite might be ascribed to failure to attend regularly 
prophylactic medication by some children of the school. This explana-
tion is supported by the observation that in group A, that was selected 
on its nearly perfect record of prophylactic treatment, no further para-
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Appendix 
Plan of Operations for a malaria 
research project in East Africa 
Title: 'Immuno-serological studies on the epidemiology of Malaria in 
East Africa'. 
1. Objectives of the project: 
The study of various aspects of the epidemiology of malaria in East 
Africa by application of the Fluorescent Antibody Technique (F.A.T.) 
ultimately under semi-field conditions. 
1.1. Serological endemicity survey. 
Comparison of the mean Fluorescent Antibody (F.A.) titre levels for 
different age-groups, with malariometric data obtained by classical 
methods. Exploration of possibilities for determination of degrees of 
malaria-endemicity by this method in areas with different degrees 
of malaria transmission. 
1.2. Follow-up study on schoolchildren. 
Investigation of the influence of regular malaria prophylaxis on F.A. 
titre levels. Individual members of one school population will be com-
pared with individual non-protected children of a second school in the 
same malarious area. 
1.3. Evaluation of a malaria eradication programme. 
Exploration of the possibilities of serological evaluation by F.A. tech-
nique of a Malaria eradication programme. 
1.4.Immunity, pregnancy and malaria. 
Assessment of the influence of pregnancy on antimalarial immunity by 
comparison of clinical, parasitological and serological data of preg-
nant and non-pregnant women. Evaluation of the various effects on 
mother and child of regular antimalarial prophylaxis during pregnancy. 
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1.5. Application of F.A.technique to semi-field conditions. 
1.6. Plasmodium fieldi in East African primates. 
Study of the suitability of East African primates as hosts for P. fieldi, 
the parasite to be used as the antigen in the F.A.technique. 
2. General Introduction and rationale behind the project. 
The report of the Seminar on priorities in biological research held in 
Nairobi on the 28 г " of February, 1966 under the auspices of the East 
African Academy, stated that 'in the field of Malaria it is felt that im­
munological aspects deserve the highest priority'. (1) 
The World Health Organization has emphasized the need for a technique 
capable of accurate measurement of malaria endemicity (2). Studies by 
McGregor et al. (3) in the Gambia indicate that the fluorescent antibody 
technique may meet this need admirably. 
These authors also demonstrated the existence of protective immuno­
globulins in serum of semi-immunes (4) and a correlation between cli­
nical immunity and antibody levels as determined by F. A.technique. 
Recent studies by Pringle and Avery Jones (5) suggest that the use of 
antimalarials reduces the degree of immunity in schoolchildren in East 
Africa. The possibility that such a reduction in immunity might be re­
flected in fluorescent antibody levels, will be studied. Moreover a 
longitudinal study of antibody titres, after a radical cure will be per­
formed during a period of prevention against renewed parasitaemias. 
Observations on the clinical and serological response in schoolchildren 
to a renewed parasitemia after that period of protection, will lay a 
basis for a serological evaluation of a malaria eradication programme, 
since during the latter stages of a malaria eradication programme 
malaria incidence rates will be determined. They are necessary for 
assessment of the programme and as a guide for the campaign policy 
Yekutiel (6). At present examination of large numbers of blood smears 
is necessary for the determination of incidence rates, a fact that adds 
to the inaccuracy as well as to the cost of the procedure. Serological 
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reactions remain positive for months after a single parasitaemia. Since 
a renewed parasitaemia leads to a significant increase in F.A. titre, it 
could be imagined that a serological survey on a random sample of a 
population under an eradication scheme, could provide a malaria inci-
dence rate.-This incidence rate could be expected to be more accurate 
and more easily determinable. 
McGregor et al. (3) observed a lower mean F.A. titre level in parasi-
tized pregnant women than in parasitized non-pregnant women. Anti-
body levels determined in connection with clinical and parasitológica! 
data will be analyzed with regard to the following questions: 
(a) Has immunity against malaria decreased to such an extent that 
regular prophylactic treatment during pregnancy in hyperendemic 
areas is indicated? 
(b) What is the influence of such prophylactic treatment on the state of 
immunity of the newborn child? 
(c) What are the consequences for the health of the woman and her new-
born when after pregnancy the prophylactic treatment is terminated? 
The data collected on F.A. titre levels of the protected women in this 
follow-up study will also lay the basis for analysis of data collected in 
the other longitudinal serological investigations of this project. 
The fluorescent antibody technique is a valuable tool in many fields of 
medical microbiology. An important aspect of the project is the appli-
cation of this technique to semi-field conditions and to get local 
technicians acquainted with it. 
As a constant source of antigen, the malayan monkey parasite P.fieldi, 
will be used. This parasite has broad cross-reactivity with all human 
parasite species (7). It is not known whether this parasite species will 
give rise to a parasitaemia in locally available primates in East Africa. 
If a parasitaemia develops it has to be determined whether the resultant 
antigen is comparable with that obtained from Rhesus monkeys. 
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3. Description in detail of the parts of the reserach project. 
3.1. Serological endemicity survey. 
3.1.1. The trial areas. 
Two contrasting areas have been selected: 
The Muheza-Misongeni area where malaria is known tobe hyperende-
mic (Clyde, 1) and the Mamba highland area where malaria is virtually 
absent (Clyde loc.cit.). A third area will be selected when appropriate 
in the light of the results from the first two areas. (For geographical 
description see appendix II). 
3.1.2. Census in trial areas. 
In the trial areas all individual houses are divided into suitable geogra­
phical blocks registered by a letter. Each house in these blocks is paint-
marked with the registration letter and a serial number. During a cen­
sus that is to be repeated each year, the inhabitants of all the individual 
houses will be enumerated according to house, name, sex and age. 
(For registration sheet see appendix VIII. For working maps, showing 
1. Clyde, D.F. Malaria in Tanzania, Oxford Univ. Press . London (1967). 
132 
block division boundaries and registration letters, see appendix XIII 
and XIV. For total number of houses within each block and for results 
of the census in the trial areas see appendix VI and VII). 
3.1.3. Sampling of the population. 
Random samples containing 15% of the houses within each block will be 
drawn with the help of randomisation tables. The inhabitants of these 
houses will be included in the yearly malariometric surveys. 
3.1.4. Survey. 
Each year at about the same time, approximately at the end of the 
season with the highest degree of transmission, i.e. from the 2nd half 
of May, onwards, malariometric surveys on inhabitants of houses se-
lected by repeated random sampling, will be perfomed. The examination 
of the spleen and of a thin and thick blood smear to determine classical 
malariometric indices such as spleen rates, parasite rates and parasite 
density rates. The blood smears will be examined at the E.A.I.M.V.D. 
The giemsa stained slides will be examined for Plasmodium species; 
the number of trophozoites and the number of gametocytes per 200 
leucocytes will be determined. Moreover individual plasma samples 
will be collected in heparinised capillary tubes. (For giemsa staining 
see appendix IV). 
Blood obtained by finger prick will be collected in a micro-haemato-
crit tube. The tube will be heat-sealed at one end and stored over ice 
until the end of that day's survey. Then it will be centrifuged at 10.000 
r.p.m. in a haematocrit centrifuge, the part of the capillary containing 
the cellular elements will be discarded and the plasma containing part 
clay-sealed and stored at -10oC. During the first period of the project 
the plasma samples are to be air-freighted on ice in thermos flasks, to 
the Netherlands for further processing at the Nijmegen laboratory. 
(For F.A. technique see appendix V). Sheets designed in cooperation 
with the statistical department of Nijmegen University will be filled out 
separately for each individual included in the sample. (For data sheets 
see appendix IX). 
3.1.5. Data processing. 
The various data on general information, clinical, parasitological and 
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serological findings, entered on data sheets, will be forwarded to 
Nijmegen. 
This will be effected with the use of magnetic tape recording bands. At 
the Laboratory of Applied Statistics and at the Computing Department 
in Nijmegen the data will be entered onl.B.M. punchcards and mecha­
nically processed. 
3.2. Follow-up study on schoolchildren. 
3.2.1. The trial schools. 
Two schools have been selected for this investigation: The Tongwe 
school, with 279 pupils and the Ubembe school with 290, both divided 
over 7 standards. The two schools aresituatedin the Zigi Valley, part 
of which is the Muheza-Misongeni area (see З.1.1.). 
The degree of malaria endemicity is hyperendemic (Clyde loc.cit.). 
The Ubembe school is situated within the hyperendemic trial area of 
the endemicity survey, while the Tongwe school lays just outside the 
North-Eastern boundary of thatarea.lt can be assumed that both groups 
of schoolchildren are being exposed to the same malaria risk. 
Tongwe schoolchildren will receive long term drug prophylaxis, while 
Ubembe schoolchildren will be given Ca-lactate as a placebo. 
3.2.2. Prophylaxis in the protected group. 
The children at the Tongwe school will receive treatment with a single 
dose of 10 mgr. chloroquine-base per kg. body weight, followed by week­
ly doses of 12.5 mgr. pyrimethamine for children up to 40 kg. and 25 mg 
for children over 40 kg. body weight. During holiday-intervals the week­
ly drug administration has to be interrupted. Therefore, at the begin­
ning of each new term the treatment with chloroquine will be repeated 
before the pyrimethamine prophylaxis is resumed. 
Interruption of prophylaxis, due to absence of a child on the days of 
drug administration, will be adjusted in two possible ways. If a child 
has missed only a single prophylactic dose, this will be corrected by 
administration of a double dose at the next treatment. When a child 
misses two subsequent or more weekly administrations of pyrimetha­
mine, the treatment with chloroquine will be repeated on the next day 
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of drug distribution and the regular dose of pyrimethamine will be given 
also. 
Drug prophylaxis will be continued until the antibody titres have be-
come stabilised at a certain lower level. It is impossible to predict 
the duration of this period. The expectation runs up to three years. 
3.2.3. Collection of data. 
Individual data sheets have been designed, (see appendix X). The data 
collected at the start of the project before the first drug administration 
form the base-line data against which changes in antibody level, in cli-
nical immunity and in general well-being will be measured. 
Examination of health, spleen, and blood for parasites as well as col-
lection of plasma for determination of F.A. titre level will be executed 
bi-monthly. Data on absence from school and its cause along with data 
on the weekly drug prophylaxis will be forwarded to Nijmegen at the end 
of each school term. 
The blood smears will be examinedattheE.A.I.M.V.D. and the plasma 
samples will, at least during the first stage of the project, be processed 
at the Nijmegen laboratory. 
3.2.4. Data processing. 
All data will be processed as indicated sub 3.1.5. 
3.3. Evaluation of a malaria eradication project. 
3.3.1. Trial area. 
The only East African territory where a Malaria Eradication Project 
is implemented is Tanzania on its off-shore islands of Zanzibar and 
Pemba. 
On both islands the campaign started in 1958 and spraying operations 
are still in progress. (For the last available malariological information 
see appendix III). Consultations between the National Health Authorities, 
the local Health Authorities and the World Health Organization Advisers 
to the Malaria Eradication Project, resulted in the selection of two pilot 
areas, one on Zanzibar and one on Pemba. The first investigations have 
been planned for September 1967. They will be repeated at regular 
intervals. 
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During the surveys, clinical, parasitológica! and especially serological 
data will be evaluated to investigate reliably the possibilities for a sero-
logical determination of the incidence rate. (For general information 
on Zanzibar and Pemba see appendix II). 
3.3.2. Collection of data. 
Along the same lines as in the serological endemicity survey (3.1.) via 
census in the trial area, randomization of houses spread over several 
blocks, people will be selected for examination. Data will be registered 
as sub 3.1.3. and 3.1.5. 
3.3.3. Data processing. 
All data will be processed as indicated sub 3.1.5. 
3.4. Application of F.A. technique to semi-field conditions. 
The technique will be introduced at E.A.I.M.V.D. with the assistance 
from the Nijmegen Laboratory as soon as the required instruments are 
available such as a fluorescent microscope, a deep freezer for storage 
of antigen, sera and conjugates, a shaking machine, required for proper 
washing procedures necessary for the F.A. technique, and when other 
minor pieces of equipment have been obtained. All necessary precautions 
will be taken to ensure that the Institutes at Amani and Nijmegen will 
get identical results. 
Moreover, it is intended to have YohanaG.Matóla, senior technician at 
E.A.I.M.V.D., for a period for a few months for instruction at the 
Nijmegen laboratory during 1968, after completion of a special course 
of training in Physiology and Pharmacology at Paddington Technical 
College, London, Great Britain. 
3.5. Plasmodium fieldi and East African Primates. 
Two 'bush-babies' (Galago crassicaudatus) will be shipped to Nijmegen 
for experimental inoculation with P. fieldi to investigate the suitability 
of this primate - if necessary after splenectomy - as a host for this 
malayan primate parasite. 
At the Nijmegen Laboratory this parasite is in use as a constant source 
of antigen for the F.A. technique on malaria. The antigen smears are 
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prepared from blood collected from splenectomised rhesus monkeys in-
fected by inoculation of a deep frozen statuiate. When it appears possible 
to infect bush-babies or possibly other East African primates with P. 
fieldi it has to be demonstrated that the resultant antigen is comparable 
with that obtained from rhesus monkeys. 
Amani/Nijmegen May 1967. 
N.B. The study on immunity, pregnancy and malaria foreseen in this 







1. De indirecte immunofluorescentìe techniek voor sero-epidemiologisch 
bevolkingsonderzoek van malaria is ook goed toepasbaar in endemische 
gebieden. 
2. Ook voor hetonderzoek van sera uit gebieden waar Plasmodium falciparum 
overheerst, is Plasmodium fieldi een goed bruikbaar alternatief als anti-
geen in de indirecte immunofluorescentìe reactie voor malaria. 
3. De Mean Titre Index (M.T.I.) van malaria antistoffen, gemeten met de indi-
recte immunofluorescentìe techniek, is een bruikbare parameter voor zowel 
verschillen in malaria endemiciteit als voor de mate van succes van een 
malaria eradicatie programma. 
4. Hoge titers van malaria antistoffen in de indirecte immunofluorescentìe 
reactie, kunnen een goede indicatie zijn voor de grootte van het overblij-
vende parasieten reservoir in gebieden waar met de eradicatie van mala-
ria goede voortgang wordt gemaakt. 
5. Bij toepassing van gechloroquiniseerd keukenzout in de malaria bestrijding 
in Afrika, behoeft niet gevreesd te worden voor het optreden van schade-
lijke bijwerkingen op het gezichtsorgaan. 
6. De waarde van het arecoline hydrobromide - een lintworm afdrijfmiddel -
voor de bestrijding van de hydatidose, ligt in het educatieve en niet in het 
therapeutische vlak. 
Gemmel, M.A. (1968), Buil. Wld Hlth Organ., 39, 73. 
7. Het valt te vrezen dat primaire amoeben-meningoencephalitis, een tot 
dusver sporadisch geziene parasitaire infectie, zich o.a. als gevolg van 
het toenemende aantal verwarmde zwembaden frequenter zal manifesteren. 
Cerva, L., et al. (1968), Am. J. Epidemiol., 88, 436. 

8. In landen als Nederland met een hoge immunisatie dekking wordt bij de 
vaccinatie tegen poliomyelitis zowel voor het individu als voor de gemeen-
schap een hogere graad van bescherming verkregen met Salk-vaccin dan 
met Sabin-vaccin. 
Dekking, F. (1971), Ned. T. Geneesk., 115, 1159. 
9. Toediening van zuurstof aan patiënten met een acuut myocard infarct is 
slechts zelden zinvol. 
Sukumalchantra, Y., et al. (1969), Am. J. Card., 24, 838. 
10. De opvatting dat de collagene spruw een fatale aandoening is, is onjuist. 
Weinstein, W.M., et al. (1970), The N. Engl. J. Med., 283, 1297. 
11. De 'highly selective vagotomy' zonder drainage procedure verdient de 
voorkeur bij die patiënten, die operatieve behandeling voor een ulcus 
duodeni behoeven en geen irreversibele anatomische afwijkingen tonen. 
Bürge, H., Frohn, M.J.N. (1969), Brit. J. Surg., 56, 452. 
12. Het onlangs cytogenetisch aangetoonde voorkomen van natuurlijke hybridi-
satie tussen species A en В uit het Anopheles gambiae complex, is geen 
argument tegen de specifieke status van deze 'sibbling species'. 
White, G.B. (1971), Nature (London), 231, 184. 
13. De ontwikkeling van de gezondheidswetenschappen zou zeer gebaat zijn 
met de integratie van de medische en veterinaire opleidings- en onder­
zoek s faciliteiten in een Faculteit voor Algemene Geneeskunde. 
Schwabe, C.W. (1969), Veterinary medicine and human 
health. London, Bailliere, Tindall and Cassell. 
14. Niet langer dienen politiek sociale maar wetenschappelijke overwegingen 
ten grondslag te liggen aan de keuze van Nederlandse bijdragen in het 
medische onderzoek ten behoeve van ontwikkelingslanden. 



